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NOTICE BY THE PUBLISHERS. 



The publishers of Dr. Comstock's Natural Philosophy will not 
withhold from the public an expression of the gratification they 
feel as Americans, at the manner in which the worU has been re- 
ceived and appreciated in Europe. 

It has been twice edited and republished in the Clueen's do- 
minions. First in Scotland, the editor being Prof. Lees ^^ of the 
Naval and Military Academy, and Lecturer on Natural Philoso- 
phy, Edinbu<;gh." 

In his Preface tb^ /e(^|or says : <^ Among the many works on 
Natural PhilosophirlYrWli. Uai^e tnac^e'jthejr; appearance of late 
years, we certainly have nbt met with 'oifteC p^itmg^m a greater 
degree the two grand t%?^vi\^ ^f jjreekiion and simplicity than 
J\e work of Dr. Comfftocfa.''-"^*' f.^ *'.,? The principle^ of the 
science are stated wi^ G^a^kf ctea;Rea3,<«ind illustrated by the 
most apt, and intere&ting'eknmplos'^^*'^ '.* * * The develop- 
ment of the various branches is effected by the help of well-de*' 
signed diagrams, and these by no means sparingly introduced. 
Ptiblished by Scott, Webster, ^ Geary, London, 

During the last year the Philosophy was again edited by Prof 
Hoblyn of Oxford, now " Lecturer in the Institute of Medicine 
and Arts," London ; and author of a Medical Dictionary repub* 
lished in this country. ' This edition is dedicated to Marshall Hall, 
M. D., F. R. S., one of the chiefs of the Medical profession in 
tlie metropolis, and who, it appears, has introduced it to his pupils 
in the lecture room. 

The following is an extract from Prof. Hoblyn's Preface to his 
edition : — 

^' This Manual of Natural Philosophy claims no higher merit 
than that of being a republication of the popular treatise of Dr. 
Comstock. of Hartford, in the United States^ eoiox^^^^^sAXi^^ 
eertaiD etijeat remodelad. His colleagfae &^ ^ ^^xiScAX ^^»9bq;^ 
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in the association of his own name with that of an author, who 
has earned a well-merited reputation in the pursuit of physical 
science. As an elementary work, requinng for its perusal no 
mathematical attainment, nor indeed any previous knowledge of 
Natural Philosophy, it is at once simple, intelligible, and in mof^ 
oarts familiar." Published by Adam Scott, ChaHer Houst 
kkfuare^ Ijmdon. 

Heffides these two editions of the entire work. Dr. Comstoctc % 
Philosophy has been published in parts, in the form of scientific 
tracts, at a shilhng each, for general circulation in England. We 
understand also, that the work has been translated hito German, 
for the use of the public schools in Prussia. 

Having thus undergone the critical examination of two Profes- 
sors of high attainments abroad, who have each corrected its 
errors, and added to its pages, and of whose labors, we have no 
aoubt the author has availed himself, we now offer this revised 
edition to the public, with renewed confidence in its correctness, 
as well as its adaptation to the purpose for which the work w 
intended. 

New Yoiy 




PREFACE 

TO THE FIFTH STEREOTYPE REVISION. 



The author has the satisfaction of being again called upon oy 
his well-known, and enterprising publishers to superintend the 
proofs or a new set of stereotype plates for this work, being the 
fidh which its circulation has required in this country. 

In this improved edition, although large portions of the contents 
have been re-written, and much new matter added, the author 
has been careful not to make such changes as to render it unfit to 
be used in classes v^ith the last edition. 

In attempting tq nfaKe i'Jjt§/copy* more? Complete and useful 
than the former ones, the autHor h^ls a^ixedliimself of the addi- 
tions and corrections, i^ade tt J^^r cofeg^f "Lees of " the Naval and 
Military Academy of Edinbtjrghj^-arid^of those of Professor Hob- 
lyn, Lecturer in " Th« IWikxiie of A^drpitie and Arts," London, 
these two gentlemarl^hatKng d'cnte:lTinj;"the honor to associate 
their names with that of the author, in two several editions of 
this work. 

In the Chapters on the Steam Engine, and Astronomy, it was 
found that many paragraphs might be omitted with advantage 
to the essential parts of the subjects. These erasures have 
been replaced by a description of the Railroad Locomotive, and 
by the insertion of Tables containing the names of the new 
Asteroids, and of those of their discoverers, with the date of each 
discovery. 

Among the additions will be found descriptions and illustralionF 
tf McCormick's Reaper ; Sharps' Rifle ; Printing Presses , 
House's Printing Telegraph; Manufacture of Percussion Caps; 
TheOjhgan; Monochord; Hygrometer; Harmonicon ; Air Gun ; 
Dipping Needle, and much new matter on Electro-Magnetism. 

The questions, in this edition, are numb^xe^.^ \a ^«tt^«^^^ 
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with those of the paragraphs ; and nearly all the old cuts have 
been re-engraved, £md about fifly new ones added. 

And, finally, perhaps the author will be excused for adding, 
that besides the circulation of this work in England, Scotland, 
and Prussia, there have been printed, and sdd more than half 
a million copies in this country. 

i. L. C. 

Hartford, Aprili IBSL 
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NATURAL PHILOSOPHY, &c. 



CHAPTER I. 

THE PROPERTIES OF BODIES 

Natural Philosophy, or the Science of Nature, has for its 
Dbjects the investigation of the properties of all natural bodies 
and their mutual action on each other. The term Physics has 
a similar meaning. 

1. A Body is any substance of which we can gain a knowl- 
edge by our senses, Hencey air, water, and earth, in all their 
modificationSj are called bodies, 

2. There are certain properties which are common to all 
l)odies. These are called the essential properties of bodies. 
They are Impenetrability, Extension, Figure, Divisibility, In- 
ertia, and Attraction, 

3. Impenetrability. — By impenetrability, is meant that two 
bodies can not occupy the same space at the same time, or, that 
Ihe ultimate particles of matter can not be penetrated. Thus, 
if a vessel be exactly filled with water, and a stone or any other 
substance heavier than water, be dropped into it, a quantity of 
water will overflow, just equal to the size of the heavy body. 
This shows that the stone only separates or displaces the parti- 
cles of water, and therefore that the two substances can not ex- 
ist in the same place at the same time. K a glass tube open 
at the bottom, and closed with the thumb at the top, be pressed 
down into a vessel of water, the liquid will not rise up and fill 
the tube, because the air already in the tube resists it ; but if 
the thumb be removed, so that the air can pass out, the water 
will instantly rise as high on the inside of the tube as it is on 

What are the oWects of natural philosophy 1 I. What is a bodvl 2. Mention 
•everal bodies. Wnat are the essential properties of bodies 1 3. What is meant br 
Impenetrability 1 How is it proved that air and water are impenetrabUI 
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the outside. This shows that the air is impenetrable to the 
water. 

4. K a nail be driven into a board, in common language, it 
is said to penetrate the wood, but in the language of philoso- 
phy, it only separates^ or displaces the particles of the wood. 
Tlie same is the case, if the nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded together, to make room for the harder body, but tl: e 
particles themselves are by no means penetrated by tiie nail. 

6. When a piece of gold is dissolved in an acid, the parti- 
cles of the metal are divided, or separated from each other, and 
diffused in the fluid, but the particles of gold are supposed still 
to be entire, for if the acid be removed, we obtain the gold 
again in its solid form, just as though its particles had never 
been separated. 

6. Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without them. 
By extension, therefore, is only m^ant these qualities. Exten- 
sion has no respect to the size, or shape of a body, 

7. The size and shape of a block of wood a foot square is 
quite different from that of a walking-stick. But they both 
equally possess length, breadth, and tXiickness, since the stick 
might be cut into little blocks, exactly resembling in shape the 
large one. And these little cubes might again be divided until 
they were only the hundredth part of an inch in diameter, and 
still it is obvious that they would possess length, breadth, and 
thickness, for they could yet be seen, felt, and measured. But 
suppose each of these little blocks to be again divided a thou- 
sand times, it is true we could not measure them, but still they 
would possess the quality of extension, as really as they did be- 
fore division, the only difference being in respect to dimensions. 

8. Figure or form is the result of extension, for we can not 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular. 

9. Some solid bodies have certain or determinate forms 
which are produced by nature, and are always the same, 
wherever they are found. Thus, a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being in- 
variable. Some solids are so irregular, that they can not 1)6 

4. When a nail is driven into a board or piece of lead, are the particles of these 

bodies penetrated or separated 1 6. Are the particles of gold dissolved, or only sep< 

arated by the acid 1 6. What is meant by extension ? 7. In how many directions 

do bodies possess extension 1 8. Of what is figure or form the result 1 Do all 

"« pOHeas figure 1 9. What solids are regular in their forms 1 
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compared with anj mathematical figure. This is the case 
with the fragments of a broken rock, chips of wood, fractured 
glass, <fec. ; these are called amorpkovLS, 

10. Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

11. Divisibility. — By the divisibility of matter^ we mean 
that a body may he divided into parts, and that these parts m>ay 
again be divided into other parts, 

12. It is quite obvious, that if we break a piece of marble 
•uto two parts, these two parts m^iy again be dinded, and that 
the process of division may ba continued until these parts are 
so small as not individually to be seen or felt. But as every 
body, however small, must possess' extension and form, so we 
can conceive of none so miuute but that it may again be di- 
vided. There is, however, possibly a limit, beyond which 
bodies can not actually be divided, for there may be reason to 
believe that the atoms of matter are indivisible by any means 
in our power. But under what circumstances this takes place, 
or whether it is in the power of man during his whole life, to 
pulverize any substance so finely, that' it may not again be 
broken, is unknown. 

1 3. We can conceive, in some degree, how minute must be 
the particles of matter, from circumstances that every day come 
within our knowledge. 

14. A single grain of musk will scent a room for years, and 
still lose no appreciable part of its weight. Here, the paiticles 
of musk must' be floating in the air of every part of the room, 
otherwise they could not be every where perceived. 

15. Gold is hammered so thin, as to take 282,000 leaves to 
make an inch in thickness. Here, the particles still adhere 
to each other, notwithstanding the great surface which they 
cover, — a single grain being sufficient to extend over a surface 
of fifty square inches. 

16. Indestructibility. — This term means that nothing is 
destroyed. The ultimate particles of matter, however widely 
they may be diffused, are not individually destroyed, or lost, 
but under certain circumstances, may again be collected into a 
body without change of form. Mercury, water, and many 
other substances, may be converted into vapor, or distilled in 

9. What bodies are irregular 1 11. What is meant by divisibility of matter ? b 
there any limit to the divisibility of matter ? 12. Are the atoms of matter divisible 1 
14. What examples are given of the divisibility of matter ? 15. How many leaves of 
fold does it take to make an inch in thickness? How many siiuare inches may a 
frain of gold be made to cover 1 16. Under what circumstances may the parttete* 
M matter acain be otAIebted in their original form ? 

1* 
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doso vessels, without any of their particles being lost In such 
cases, there is no decomposition of* the substances, but only a 
change of form by the heat, and hence the mercury and watei 
assume their original state again on cooling. 

17. Where bodies suffer decomposition or decay, their ele- 
mentary particles, in like manner, are neither, destroyed nor lost, 
but only enter into new arrangements or combinations with 
other bodies. 

18. When a piece of wood is heated in a close vessel, such 
as a retort, we obtain water, an acid, several kinds of gas, and 
there remains a black, porous substance, called charcoal. The 
wood is thus decomposed, or destroyed, and its particles take a 
new arrangement, and assume new forms, but that nothing is 
lost, is proved by the fact that if the water, acid, gases, and 
charcoal, be collected and weighed, they will be found exactly 
as heavy as the wood was before distillation. 

19. Bones, flesh, or any other animal substance, may in the 
same manner be made 'to assume new forms, without losing a 
particle of the matter which they originally contained. 

20. The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles of 
which they were composed, change their places and assume 
new forms. 

21. The decay and decomposition of animals and vegetables 
on the surface of the earth lorm the soil, which nourishes the 
growth of vegetables; and these, in their turn, form the nu- 
triment of animals. Thus is there a perpetual change from 
life to death, and from death to life, and as constant a succes- 
sion in the forms and places, which the particles of matter as- 
sume. Nothing is lost, and not a particle of matter is struck 
out of existence. The same matter of which every living ani- 
mal, and every vegetable was formed since the creation, is still 
in existence. As nothing is lost or annihilated, so it is proba- 
ble that nothing has been added, and that we, ourselves, are 
composed of particles of matter as old as the creation. In time, 
we must, in our turn, suffer ^iecomposition, as all forms have 
oone before us, and thus resign the matter of which we are 
composed, to form new existences. 

22. Inertia. — Inertia means passiveness or want of power 

17. What is meant by indestructibilitv ? 18. WTien bodies suffer decay, are f heir 
putieles lost 1 19. What becomes of the particles of bodies which decay 7 21. Is it 
B gri baMe that any matter has been annihilated or added, since the first creation 1 
WlMtt It wal^ of tne particles of matter of which w« are made 1 
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Thtts, matter is, (f itself, equally incapable of putting itself tn 
motion, or of bringing itself to rest wlien in motion, 

23. It is plain that a rock on the sur&ce of the earth ne^er 
ehanges its position in respect to other things on the earth. It 
has of itself no power to move, and would, therefore, forever lie 
still, unless moved by some external force. This &ct is proved 
by the experience of every person, for we see the same objects 
lying in the same positions all our lives. Now, it is just as true, 
that inert matter has no power to bring itself to rest, when once 
put in motion, as it is that it can not put itself in motion when 
at rest, for having no life, it is perfectly passive, both to motion 
and rest ; and therefore either state depends entirely upon cir- 
cumstances. 

24. Common experience proving that matter does not put 
itself in motion, we might be led to believe, that rest is the nat- 
ural state of all inert bodies ; but a few considerations will show 
that motion is as much the natural state of matter as rest, and 
that either state depends on the resistance, or impulse, of ex- 
ternal causes. 

25. If a cannon-ball be rolled upon the ground, it will soon 
cease to move, because the ground is rough, and presents imped- 
iments to its motion ; but tf it be rolled on the ice, its motion 
will continue much Idnger, because there are fewer impediments, 
and consequently, the same force of impulse will carry it much 
further. We see from this, that with the same impulse, the 
distance to which the ball will move must depend on the im- 
pediments it meets with, or the resistance it has to overcome. 
But suppose that the ball and ice were both so smooth as to re- 
move as much as possible the resistance caused by friction, then 
it is obvious that the ball would continue to move longer, and 
go to a greater distance. Next, suppose we avoid the friction 
of the ice, and throw the ball through the air, it woujd then 
continue in motion still longer with the same force of projection, 
because the air alone presents less impediment than the air and 
ice, and there is now nothing to oppose its constant motion, ex- 
cept the resistance of the air, and its own weight, or gravity. 

20. K the air be exhausted, or pumped out of a vessel by 
means of an air-pump, and a common top, with a small, hard 
point, be set in motion in it, the top will continue to spin for 

22. What does inertia mean 1 24. Is rest or motion the natural state of matter 1 
85 Why does tho ball roll farther on the ice than on the ^ound 1 What does this 
proTe 1 Why, with the same force of projection, will a tuUl move further through 
the air than on the ice ? 26. Why will a top spin, or a pendulum swing, longer in aa 
•ihaUstea vmMsI than in the air 7 
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lumn, becatue the air does not resist its motion. A penduliun 
•et in motion, in an exhausted vessel, will continue to swings 
without the help of clock-work, for a whole day, because thera 
in nothing to resist its perpetu^ motion but the small friction at 
Uie point where it is suspended, and gravity. 

27. We see, then, that it is the resistance of the air, of fric- 
tion, and of gravity, which cause bodies once in motion to 
c<$aMO moving, or come to rest, and tliat dead matter, of itself 
is erjuallv incapable of causing its own motion, or its own rest. 

28. We have perpetual examples of the truth of this doc- 
trine, in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, or at the beginning of creation. 

20. Attraction. — By attraction is meant that j^operty or 
quality in the particles of bodies^ which makes them tend totoard 
each other, 

30. We know that substances are composed of small atoms 
or particles of matter, and that it is a collection of these, united 
together, that form all the objects with which we are ac- 
quainted. Now, when we come to divide, or separate any sub- 
stance into ])arts, we do not find that its particles have been 
united or kept together by glue, little nails, or any such me- 
chanical means, but that they cling together by some power, 
not obvious to our senses. This power we call Attractimi^ but 
of its nature or cause, we are entirely ignorant. Experiment 
and observation, however, demonstrate that this power pervades 
all material things, and that under different modifications, it 
not only makes the particles of bodies adhere to each other, but 
is the cause which keeps the planets in their orbits as they pass 
through the heavens. 

31. Attraction has received different names, according to the 
circumstances under which it acts. 

32. The force which keeps the particles of matter together, 
to form bodies, or masses, is called Attraction of cohesion. 
That which inclines different masses toward each other, is 
called Attraction of gravitation. That which causes liquids to 
rise in tubes, is called Capillary attraction. That which forces 

^ ■ ■ — ■ ■■-■ .. ■ii-.i ^^, 

27. What are the causes which resist the perpetual motion of bodies 1 28. Whei e 
have wc an example of continued motion without the existence of air and friction 1 
29. What is meant by attraction 1 30. What is known about the cause of attraction 1 
la attraction common to all kinds of matter, or not 1 What effect does this power 
liave upon theplioieis 1 31. Why has attraction received different names 1 32. How 
nuuiy kinds of^^raction are there 1 How does the attraction of cohesion operate 1 
What la meant by attraction of gravitation t What by capillary attraetieii 1 
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the particles of substances of different kinds to unite, is known 
under the name of Chemical attraction. Tliat which causes 
the needle to point constantly toward the poles of the earth, is 
Magnetic attraction ; aod that which is excited by friction in 
certain substances, is known by the name of Electrical at- 
traction. ^ 

33. "^e following illustrations, it is hoped, will make each 
kind of attraction distinct and obvious to the mind of the student 

34. Attraction of Cohesion acts only at insensible distances^ 
as when the particles of bodies apparently touch each other, 

35. Take two 

pieces of lead. Fig. fig. i. 

l,ofa round form, 
an inch in diame- 
ter and two inches 
long ; flatten one 

end of each and Cohesion. 

make through it 

an eye-hole for a string. Make the other ends of each as 
smooth as possible, by cutting them with a sharp knife. K now 
the smooth surfaces be brought together, with a slight turning 
pressure, they will adhere with such force that two men can 
hardly pull them apart by the two strings. 

36. In like manner, two pieces of plate glass, when their 
surfaces are cleaned from dust, and they are pressed together, 
will adhere with considerable force. Other smooth substances 
present the same phenomena. 

37. This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 
other substances, and in some of the metals it is stronger than 
in others. In general it is most powerful among the particles 
of solid bodies, weaker among those of liquids, and probably 
entirely wanting among elastic fluids, such as air and the gases. 

38. Thus, a small iron wire will hold a suspended weight 
of many pounds, without having its particles separated ; the 
particles of water are divided by a very small force, while those 
of air are still more easily moved among each other. These 
different properties depend on the force of cohesion with which 
the several particles of these bodies are united. 

32. What by chemjcar attraction 1 What is that which makes the needle point 
toward the pole ? How is electrical attraction excited 1 53. Give an example of cohe* 
rive attraction 1 37. In what substances iscohesive attraction the strongest 1 in 
what substances is it the weakest 1 38. Why are the particles nf «*<iidfi more tasily 
■epArated than those of solids 1 
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89. When tlie particles of fluids are left to arrange them* 
telves according to the laws of attraction, the bodies which they 
compose assume the form of a globe or ball. 

4C. Drops of water thrown on an oiled surfece, or on war,— 
globules of mercury, — ^hailstones, — a drop of water adhering to 
the end of the finger, — ^tears running down the cheeks, and dew- 
drops on the leaves of plants, are all examples of t]|p law of 
attraction. The manufacture of shot is also a striking illustra- 
tion. The lead is melted and poured into a sieve, at the height 
of about two hundred feet from the ground. The stream of 
lead, immediately after leaving the sieve, separates into round 
globules, which, before they reach the ground, are cooled and 
l>ecome solid, and thus are formed the shot used by spcurts- 
men. 

41. To account for the globular form in all these cases, we 
have only to consider that the particles of matter are mutually 
attracted toward a common center, and in liquids being free to 
move, they arrange themselves accordingly. 

42. In all figures except the globe or ball, some of the parti- 
cles must be nearer the center than others. But in a body Uiat 
is perfectly round, every part of the outside is exactly at the 
same distance from the center. 

43. Thus, the comers of a cube, or 

square, are at much greater distances no. s. 

from the center than the sides, while 
the circumference of a circle or ball is 
every where at the same distance from 
it. This difference is shown by Fig, 2, 
and it is quite obvious, that if the parti- 
cles of matter are equally attracted to- 
ward the common center, and are free 
to arrange themselves, no other figure 
could possibly be formed, since then Globular form, 

every part of tlie outside is equally at- 
tracted. 

44. The sun, earth, moon, and indeed all the heaven y bodies, 
are illustrations of this law, and therefore were probably in so 
soft a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 




39. What form do fluids take, when their particles are left to their own arranffe. 
ment 1 40. Give examples of this law. 41. How is the fflobular form which liquidf 
assume accounted forf If the particles of a body are free to move, and are equal* 
iy attracted toward the center, what must be its figure 1 43. Why must the figure 
M a gU>tte 7 44. What grtht natural bodies are examples of this law 1 
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45. Adhesion. — ^The attraction between solids and Uquids 
is termed adhesion. This is well illustrated by means of I^q, 8. 

First, very nice- 
ly balance the 
plate of copper, 
0, by means of 
weights i^i the 
cup, A, and then 
slide the vessel 
of water, B, un- 
der the copper, 
pouring in more 
of the fluid un- 
til the metal just 
touches it. Now 




Adhesion betteeen solids and liquids. 



FIG. 4. 



on placing weights in A, it will be found that the metal ad- 
heres to the water with so much force, that if the plate has an 
area of about seven inches, it will require a weight of more than 
1000 grains to raise it from the surface of the water. 

46. Attraction of Gravitation. — As the attraction of 
cohesion unites the particles of matter into masses or bodies^ so 
the attraction of gravitation tends to force these masses toward 
each other^ to form those of still greater dimen- 
sions. The term gravitation, does not here 
strictly refer to the weight of bodies, but to 
the attraction of the masses of matter toward 
each other, whether downward, upward, or 
horizontally. 

47. The attraction of gravitation is mutual, 
since all bodies not only attract other bodies, 
but are themselves attracted. 

48. Two cannon-balls, when suspended by 
long cords, so as to hang quite near each other, 
are found to exert a mutual attraction, so that 
neither of the cords are exactly perpendicular, 
but they approach each other as in Fig, 4. 

49. Li the same manner, the heavenly bodies, 
when they approach each other, are drawn out 
of the line of their paths, or orbits, by mutual 

attraction. AUraction, 

45. What explanation can you give of Pig. 31 46. What is meant by attraction of 

Sivkation? 47. Can one body attract another without being itself attracted! 
How Is it proved that bodies attract each other 1 
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50. The force of attraction increases in proportion as bodies 
approach each other, and by the same law it must diminish in 
proportion as they recede from each other. 

61. Attraction, in technical language, is inversely as the 
squares of the distances between the two bodies. That is, in 
proportion as the square of the distance increases, in the same 
proportion attraction decreases, and so the contrary. Thus, 
if at the distance of 2 feet, the attraction be equal to 4 pounds, 
at the distance of 4 feet, it will be only 1 pound; for the 
square of 2 is 4, and tlie square of 4 is 16, which is 4 times 
the square of 2. On the contrary, if the attraction at the dis- 
tance of 6 feet be 3 pounds, at the distance of 2 feet it will be 
9 times as much, or 27 pounds, because 36, the square of 6, 
is equal to 9 times 4, the square of 2. 

62. The law 
of attraction in fig. 6. 

masses is very sat- 
isfactorily shown 
by the two little 
cork balls in Fig, 
6. They are cover- 
ed with varnish. Attraction qf cork bdUs, 

or beeswax, to re- 
pel the water. 

Two such balls placed on the surface of a dish of water, two 
or three inches apart, and not near the side of tlie dish, will 
soon begin to approach each other; tiieir velocities being 
. in proportion to their sizes, and increasing as their distances di 
minish, until quite near, when they rush together as though 
they had life. 

63. The intensity of light is found to increase and diminish 
m the same proportion. Thus, if a board a foot square, be 
placed at the distance of one foot from a candle, it will be 
found to hide the light from another board of two feet square, 
at the distance of two feet from the candle. Now a board of 
two feet square is just four times as large as one of one foot 
square, and therefore the light at double the distance being 
spread over four times the surface, has only one fourth the in- 
tensity. 




50. Bt what law or rule, does the force of attraction increase? 51. Give an exam* 
pie of this rule. 52. How is attraction illustrated by Fig 5? 53. How is it shown 
that the intensity of light increases and diminishes in the same proportion as the at 
tractk)uofmatter1 
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54 The frroe of the attraction of gravitation, is in proporticm 
to th€ quantity of matter the attracting body contains. 

55. Some bodies of the same bulk con tarn a much greater 
quantiiy of matter than others : thus, a piece of lead contains 
about twelve times as much matter as a piece of cork of the 
same dimensions, and therefore a piece of lead of any given 
size, and a piece of cork twelve times as large, will attract each 
other equally. 

56. Capillary Attraction. — The farce hy which evmll 
tubes, or porous substances^ raise liquids above their levels, is 
called capillary attraction, 

57. If a small glass tube be placed in water, the water on 
the inside will be raised above the leveVof that on the outside 
of the tube. The cause of this seems to be nothing more than 
the ordinary attraction of the particles of matter for each other. 
The sides of a small orifice are so near each other as to attract 
the particles of the fluid on their opposite sides, and as all at- 
traction is strongest in the direction of the greatest quantity of 
matter, the water is raised upward, or in the direction of the 
length of the tube. On the outside of the tube, the opposite 
surmces, it is obvious, can not act on the same column of water, 
and therefore the influence of attraction is here hardly percep- 
tible in raising the fluid. This seems to be the reason why the 
fluid rises higher on the inside than on the outside of the tube. 

68. Height and size of the bore, — ^The 

height to which the fluid will rise, j^q g 

seems to depend, not on the specific 
gravity of the fluid, but on the size of 
the bore. 

69. Thus, if the four glass tubes, 
shown by Fig, 6, are respectively the 
10th, 20th, 40th, and 80th of an inch 
in diameter, then the hei^cht of the ^_^ „ ^. 
flmd m each will be mversely as their 

several diameters. 

60. On comparing the elevation of several fluids in tubes of 
the same diameter, it has been found that water rose more than 
three times as high as sulphuric acid, though the latter is nearly 

54. Do bodies attract in proportion to bulk, or quantihr of matter 1 55. What 
Would be the difference of attraction between a cubic incii of lead, and a cubic inch of 
eork 1 Why would there be so much difference 1 56. What is meant by capillary 
attraction 1 67. How is this kind of attraction illustrated with irlass tubes ? Why 
does the water rise higher in the tube than it does on the outside ? 68. On whal 
does the height of the fluid in capillary tubes depend 1 59. Explain Fig. 6. 60. What 
Is th« difference in height between sulphuric acid and water 1 
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twice as heavy as the former, and therefore contains a 
tionat* quantity of attractive matter. The cauao of thia diff» 
ence is unknown. 

61. Prevents evaporation. — It ia very remarkahle that ci 
lory attraction prevents evaporation. Thus, fine glass ti 
open at hoth ends, and containing water, were exposed to t 
influence of the sun, in the open air, for months, without loaiiU 
the least portion of tlieir contents. 

8^ It is well known that mercury in a small vertical tubeia 
deposed around the sides next to the glass ; but rises in the 
center, forming the section of a ball. This is owing to the 
strong attraction the particles of this metal have for each other, 
while they appear to have none for the glass. This attractica 
is beautifully shown by the little bright globules which n 
ry forma on being thrown on a smooth surface. 

63. A great variety of porous substances are capable of o 
pillary atUaction. If a piece of sponge or a lump of sugar t 
pliiced so that itt lowest comer touches the water, the fluid n ' 
rise up and wet the whole mass. In the same manner, t 
wick of a lamp will cany up the oil to supply the flame, thourf 
the flame is several inches above the level of the oil. If tU 
end of a towel happens to be left in a basin of water, it wilj 
empty the basin of its contents. And on the same prineipl^^ 
when a dry wedge of wood is driven into the crevice of a rool^fl 
and afterward moistened with water, as when the rain fal' " 
upon it, it will absorb tlie water, swell, and sometimes split tl 
rock. In Germany miii-stone quarries are worked i" ''■ 

64. Chemical Attraction takes place between the jxtrtiei 
of aubalanees of different kinds, and unites them into o 
pound. 

65. This species of attraction takes place only between t 
particles of certain substances, and is not, therefore, a univer 
property. It ia also known by the name of chemical affim 
because the particles of substances having an affinity belw€ 
them, will unite, while those having no affinity for each othw 
do not readily enter into union. 

86. There seems, indeed, in this respect, to be very singula!^ 
preferences, and dislikes, existing among the particles of math 
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Thus, if a piece of marble be thrown into sulphuric add, tht 
particles will unite with great rapidity and cfimmotion, and thi 
will result a compound diffi'ring in ail respects from the ai 
or the marble. But if a piece of glass, quartz, gold, or silTett; 
be thrown into this acid, no change is produced on either, ' 
cause their particles hare no affinity. 

67. Sulphur and qnicksilTer, when heated together, will fo 
a beautifdl red compound, biown under the name of vermil 
and which has none of the qualities of sulphur or quicksil' 

68. Oil and water have no affinity for each other, but 
ash has an attraction for both, and therefore oil and water 
unite when potash is mixed with them. In this manner, 
well-known article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil or 
the water ; and therefore, when soap b mixed with an acid, the 
potash leaves the oil, and unites with the acid, thus destroying 
the old compound, and at the same instant forming a new one. 
The same happens when soap ia dissolved in any water con- 
taining an acid, as the waters of the sea, and of certain wells. 
The potash forsakes the oil, and unites with the acid, thus leav- 
ing tiie oi! to rise to the surface of the water. Such waters 
called hard, and will not wash, because the acid renders 
potash a neutral substance. 

69. Maonetio Attraotion. — There is a certain ore of iron, 
a piece of which, being suspended by a thread, will always turn 
one of its sides to the north. This is called the loadstone, or 
iiatural magnet, and when it is brought near a piece of iron, or 
Bteel, a mutual attraction takes place, and under certain circum- 
stances the two bodies will come together, and adhere to each 
other. This ia called Magntlie Attraction.. When a piece of 
steel or iron is rubbed with a magnet, the same virtue ia com- 
municated to the steel, and it will attract other pieces of steel, 
and if suspended by a string, one of its ends will constantly 
point tow.ird the north, while the other, of course, points 
toward the south. This is called an artificial magnet. The maff- 
Ttetic needle is a piece of steel, first touched with the loadstone, 
and then suspended, so as to turn easily on a point. By means 
of this instrument, the mariner guides his ship through the 
pathless ocean. See Magnetism. 
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70. Eleotrioal Attraction. — ^When a piece of glass, ot 
Boalinff-wax, is rubbed with the diy hand, or a pieoe of doth, 
and wen held toward any light substance, such as hair or 
tliread, the light body will be attracted by it, and will adhere 
for a moment to the glass or wax. The influence which thus 
moves the light body is called Electrical Attraction. When 
the light body has adlicred to the surfiEUie of the glass for a mo- 
ment, it is again thrown off, or repelled, and this is called £leo' 
trical Repulaion, See Electricity, 

71. We have thus described and illustrated all the imiversal 
or inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely, Ghemica], 
Magnetic, and Electrical. There are still several properties to 
be mentioned. Some of them belong to certain lands of mat- 
ter in a peculiar degree, while other kinds possess them but 
sli^itly, or not at all. These properties are as follows : 

72. 1)ensity. — This property relates to the compcKiness of 
bodies, or the number of particles which a body conUiins toithin 
a given bulk. It is closeness of texture, 

73. Bodies which are most dense, are those which contain 
the least number of pores. Uence, the density of the metals is 
much greater than mat of wood. Two bodies being of equal 
bulk, that which weighs most is most dense. Some of the 
metals may have this quality increased by hammering, by 
which their pores are filled up, and their particles are brought 
nearer to each other. The density of air is increased by fordug 
more into a close vessel than it naturally contained. 

74. Rarity. — This is the quality opposite to density, and 
means that the substance to which it is applied is porous and 
light. Thus, air, water, and ether are rare substances, while 
gold, lead, and platina are dense bodies. 

76. Hardness. — This property is not in proportion, at 
might be expected, to the density of the substance, but to the 
force with which the particles of a body cohere, or keep their 
places. 

76. Glass, for instance, will scratch gold or platina, though 
these metals are much more dense tlian glass. It is probable, 
therefore, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in tJieir 
places. 

70. What is meant by electrical attraction 1 What is electrical repulsion 1 71. What 

properties of bodies have been described 1 72. What is density 1 73. What bodies 

■re moat dense 1 How may this quality be increased in metals 1 74. What is rarity 1 

vrk«» are rare bodies 1 What are dense bodies 1 75. How does hardness differ fron 

^ 76. Why will glass scratch gold or platina 1 
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77. Some of the metals can be made bard or soft at pleasure. 
Thus steel, when heated, and then suddenly cooled, becomes 
harder than glass ; while, if allowed to cool slowly, it is soft, and 
flexible. 

78. Elastioitt is that property in bodies by which, after 
being forcibly compressed, or bent, they regain their origirud 
state when the force is removed, 

79. Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after im- 
pact, is a proof that one or both are elastic In general, most 
hard and dense bodies possess this quality iif greater or less de- 
gree. Ivory, glass, marble, flint, and ice, are elastic solids. 
An ivory ball, dropped upon a marble slab, will bound nearly 
to the height from which it fell, and no mark will be left on 
either. India rubber is exceedingly elastic, and, on being thrown 
forcibly against a hard body, will bound to an amazing distance. 
Steel, when hardened in a particular manner, and wrought into 
certain forms, possesses this property in the highest degree. 
Watch-springs, and those of carriages, as well as sword-blades, 
are examples. Gold, silver, copper, and platina, also have this 
property in a degree. 

80. !Putty, dough, and wet clay are examples of the entire 
want of elasticity ; and if either of these be throVn against an 
impediment, they will -be flattened, stick to the place they touch, 
and never, like elastic bodies, regain their former shapes. 

81. Among fluids, water, oil, and in general all such substances 
as are denominated liquids, are nearly inelastic, while air, and 
the gaseous fluids, are the most elastic of all bodies. 

82. Change of Form. — The change of 

fonn in an elastic body, as an India rubber •^o 7. 

ball, is shown by Fig, 7, where its side, 

on striking an impediment, is compressed 

to a, but instantly springs to b ; the dark 

line between them being the surfisice in 

the natural state. 

83. Brittleness is the property which 
renders substances easily broken, or sepa- 
rated into irregular fragmsnts. This changJ'offarm, 
property belongs chiefly to hard bodies, 

84. It does not appear that brittleness is entirely opposed to 

77. What metal can be made hard or soft at pleasure 1 78. What la meant by 
•laatieity % 79. How is it known that bodies possess this property 1 Mention seva* 
ral elastic solids. 80. Give examples of inelastic solids. 81. Do liquids possesstbls 
prapartyl What are themoat elastic of all sabstaneesi 82. Bxplain Ftf. 7. 83. Watt 
Wbrlttten««1 
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elanUcity, mnce, in many substances, both these propertieB an 
united. Glass is the standard, or type of biittleness; and yet 
a ball, or fine Uireads of this substance, are highly elastic^ as 
may U) Micn 1>y the bounding of the one, and the springing d 
tlio (>tli<$r. Brittlcncss often results from the treatment to 
which Hul>Ktanccs are submitted. Iron, steel, brass, and copper, 
Ut(roiiif) l)rittlti when heated and suddenly cooled; but if cooled 
ttlowly, th<iy are not eafiily broken. 

Hfi. Mallkaiiility. — Gapahility of being drawn under the 
htnnnur or rollinff -press. 

Thin prop(*rty In^longa to some of the metals, but not to all, 
and iM of vfiHt iiniK)rtance to the arts and conveniences of life. 

60. Tht) iiiHlU^iblo motals are platina, gold, silver, iron, cop- 

Cr, load, till, and some oUiers. Antimony, bismuth, and oo- 
\U am l)rlttlo metals. Brittleness is, therefore, the opposite 
of mallrability. 

H7. iUiUl Ih the most malleable of all substances. It may 
bii drawn uiuh^r tlic hummer so thin that light may be seen 
thriMi^h it. (N>ppor and HJlver are also exceedingly malleable. 

HH. hiiuTMJTY is that property in substances which renders 
thfia auMCfptihle of Inking drawn into wire, 

HU. W<i Hhould <*xptrt tliat tlie most malleable metals would 
hIiui \m thd most duotilo ; but experiment proves that this is 
not thti vims, ThuH, tin and lead may be drawn into thin 
|i<uvtm, hut ciin not bo drawn into small wire. Gold is the most 
null limi lit) of all the inoUils, but platina is the most ductile. 
l)r. WoUfMLon (In^w platina into threads not much larger than 
u HpidHf^ri wol). 

\H). Tknaimty, in common language called toughness^ refers 
tn thtt force of cohesion among the particles of bodies. 

'ri^iintMoim UulioM nro not easily pulled apart. There is a re- 
murk iihK) ditl^nwu'o in tlio tiMiacity of different substances. 
Hoiim poHMi'MM this proporty in a surprising degree, while others 
urn torn uMuinhT hy tlio sniullost force. 

01. Tvnitcitg of WwhI. — The following is a tabular view of 
thn al)Molut.o (M)}H*Hion of tlio principal kinds of timber employed 
in tli« urtH und in building, showing the weight which would 
rond u rod uii inch square, and also the length of the rod, 
wlii<;li, if HUHpended, would be torn asunder by its own weight. 

84. Are brittleness and elasticity ever found in the same substance 1 GiTe exam- 
ples. How are iron, steel, and brass made brittle 1 86. What does maUeabilitf 
mean 1 86. What metals are malleable, and what are brittle ? 87. Which is the 
most malleable metal 1 88. Wh it is meant by ductility *? 89. Are the most mallear 
bie metals the most ductile 1 90. What is meant by tenacity 1 From what does tliii 
property ariM 1 
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02. It appears, by experiment, that the following is the aye 
rage tenacity of the kinds of woods named ; but it is found that 
there is much difference in the strength of the same species, 
and even of the different parts of the same tree. 

93. The first line refers to the weight, and the other to the 
length, the wood being an inch square. 



Teak, . 
Oak, . 
Sycamore, 
Beech, . 
Ash, 
Elm, . 
Larch, . 



Pounds. Feet. 

12,915 86,049 

11,880 82,900 

9,630 86,800 

12,225 38,940 

14,130 39,050 

9,540 40,600 

12,240 42,160 



94. Tenojdty of the Metals, — ^The metals differ much more 
widely in their tenacity than the woods. According to the ex- 
periments of Mr. Rennie, the cohesive power of the several 
metals named below, each an inch square, is equal to the num- 
ber of pounds marked in the table, while tiie feet indicate the 
length required to separate each metal by its own weight 



Cast steel, . 
Malleable iron, 
Cast iron. 
Yellow brass. 
Cast copper, . 
Cast tin. 
Cast lead. 



Poandfl. Feet. 

134,256 39,455 

.72,064 19,740 

. 19,096 6,110 

. 17,958 6,180 

. 19,072 6,093 

. 4,736 1,496 

. 1,824 348 



The cohesion of fluids it is difficult to measure, though some 
indication of this property is derived by the different sizes of 
the drops of each on a plane surface. 

95. Kecapitulation. — The common or essential properties 
of bodies are. Impenetrability, Extension, Figure, Divisibility, In- 
ertia, and Attraction. Attraction is of several kinds, viz. attraction 
of Cohesion, attraction of Gravitation, Capillary attraction. Chem- 
ical attraction. Magnetic attraction, and Electrical attraction. 

96. The peculiar properties of bodies are. Density, Rarity, Hard- 
ness, Elasticity, Brittleness, Malleability, Ductility, and Tenacity. 

93. Give the names of the most tenacious sorts of wood. 94. What metals are most 
tenacious 1 What metals are least tenacious 1 95. What are the essential properties 
«f bodies 1 Bow many kinds of attraction are there 1 96. What are the pecaUu 
prop«rti«» of bodiM 1 



CHAPTER 11. 

GRAVITY. 

07. Thb f<yru by which bodies are drawn toward each oik» 
in the mass, and by which they descend toward the earth vhen 
let fall from a height^ is called the force of gravity. 

^8. The attraction wliidi the earth exerts on all bodiei 
near its surface, is called terrestrial gravity ; and the IbroQ 
with which any substance is drawn downward, is called its 
weight. 

99. All falling bodies tend downward, or toward the center 
of the earth, in a straight line fixtoi the point where they are 
let fall. If, then, a bcKly descends, in any part of the world, 
tlie line of its direction will be perpendicular to the earth's sat^ 
face. It follows, therefore, that two falling bodies, on oppoBite 
parts of the earth, mutually fall toward each other. 

100. Suppose a cannon-ball to be disengaged from a height 
opposite to us, on the other side of the earth, its motion in re- 
spect to us would be upward, while the downward motion from 
where we stand would be upward in respect to those who stand 
opposite to us on the other side of the earth. 

101. In like manner, if the falling body be a quarter, in- 
stead of half the distance round the earth from us, its line of 
direction will be directly across, or at right-angles with the line 
already supposed. 

102. This will be readily understood by Fig. 8, where the 
circle is supposed to be the circumference of the earth. A, the 
ball falling toward its upper surface, where we stand ; B, a ball 
falling toward the opposite side of the earth, but ascending in 
respect to us; and I), a ball descending at the distance of a 
quarter of the circle from the other two, and crossing the line 
of their direction at right-angles. 

103. It will be obvious, therefore, that what we call up and 
down, are merely relative terms ; and that what is down in re- 

97. What is gravity 1 96. What is terrestrial grarity 1 99. To what point In tb« 
earth do &Uing bodies tend 1 100. In what direction will two falling bodies, from 
opposite parts of the earth, tend in respect to each other 1 101. In what direction 
will one ifom half-way between them meet their line ? 102. IIow is this shown bj 
FIc 8 1 103. Are ths terms up and down relatiTe or poeitive in their meaning Y 



spect to ua, ]s up In respect 
U> those who live on the 
opposite side of the earth, 
Utd BO the contrary. Conse- 
qnently, dovm every where 
■ meaoa toward the center of 
Iho eartli ; and up, from the 
eetiter of the earth, because 
all bodies descend toward the 
earth's ce) uir from whatever 
part they are let fait. Thia 
will be apparent when we 
consider that, aa the earth 
tnnu over every 24 hours, 
we «e carried with it through 
Qie points A, D, and B, Fi^. 
8 ; and, tJierefbra, if a body 
is supposed to &11 from the 
point A, say at 12 o'clock, and the same to &11 again from the 
same point above the earth at 6 o'clock, the two lines of direction 
will be at right-angles, as represented in the %uro, for that part 
of the eartb which was under A at 1 2 o'dock, will be under I> at 
6 o'clock, the earth having in that time performed one quarter 
of its daily revolution. At 12 o'clock at night, if the body bo 
Bupposed to fall again, its line of direction will be ^ right-an- 
gles with thst of its last descent, and consequently, it will at- 
eend in respect to the point from which it feU 12 hours bth'bre, 
because the earth would have then gone through one half her 
daily lotatioD, and the point A would be at B. 




^ FalUng Bulla. 



104. TKt fnioeity of every fallmg body U umfmtnly aaeh- 
rattd m iti approach toward the earth, from tehalever height it 
^. 

105. If a rock is rolled from a steep momittun, its motion is 
at first slow and gentle ; but, as it proceeds downward, it moves 
with perpetually increased veloci^, seeming to gather fresh 
speed every moment, until its force b such that every obstacle 
is overcome. 

106. The principle of increased velocity as bodies descend 

WhU la underBtood bT dacn In inT part of I1i« arlh 1 EtappoH ■ baJI ba let bU 
■I IS ud Iben u 6 o'clock, In wbat dlmMion vonld the Uuetot Ou^ d«B«iI dimi 
wehaihtrl 104. Whu linldcDncrTnlDztlie mmlanBaf AilUnf bodlMl tabBow 
■ tbteloanMwlTskxdvllJiiMriiHll liX: EipWn Fif . B 
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110. Rule. — RedtLce the given time to seconds; take the 
tqfmre of the number of seconds in the time, and multi])!^ the 
height through which the body falls in one second by that num- 
ber, and the result will be the height sought. 

111. The following table exhibits the iieight in feet, and tha 
corresponding times in seconds. 



Time 
Height 


1 

1 


2 
4 


3 
9 


4 
16 


5 
25 


6 
36 


1 
49 


8 
64 


9 
81 


10 
100 



Now, as the body falls at the rate of 16 feet during the first 
second, this number, according to the rule, multiplied by the 
square of the time, that is, by the munbers expressed in the sec- 
ond line, will show the actual distance through which the body 
ftlls. 

112. Thus we have for the first second 16 feet ; for the end 
of the «econcf ; 4x16 = 64 feet; ^Airc?, 9x16=144; fourth^ 
16X16 = 256; fifth, 25x16=400; sixth, 36x16=576; 
seventh, 49 X 16=784 ; and for the 10 seconds 1600 feet. 

113. If, on dropping a stone from a precipice, or into a well, 
we count the seconds from the instant of letting it fall until we 
hear it strike, we may readily estimate the height of the preci- 
pice, or the depth pi the well. Thus, suppose it is 5 seconds in 
£Eilling, then we only have to square the seconds, and multiply 
this by the distance the body falls in one second. We have 
then 5 X 5=25, the square, which 25 X 16 =400 feet, the depth 
of the well. 

114. Thus it appears, that to ascertwn the velocity with 
'which a body &lls in any given time, we must know how many 
feet it fell during the first second : the velocity acquired in one 
second, and the space fallen through during that time, being the 
fdndamental elements of the whole calculation, and all that are 
necessary for the computation of the various circumstances of 
falling bodies. 

115. The difficulty of calculating exactly the velocity of a 
falling body from actual measurement of its height, and the 
time which it takes to reach the ground, is so great, that no ac- 
curate computation could be made from such an experiment. 

116. Atwood's Machine. — ^This difficulty has, however, been 
overcome by a curious piece of machinery invented by Mr. At- 
wood. This consists of an upright pillar, with a wheel on the 

110. What is the rale by which the height from which a body falls may be found'^ 
112. How many feet will a body fall in 10 seconds? 113. If the stone is 5 seconds ia 
Mine, how deep is the well 1 116. Is the velocity of a IftUing body calculated from 
aetual measurement, or by a machine 1 
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descending bodies. The slowneas of its descent, when com- 
pared witb &eely gravitating bodies, is oolf a cooTomeDce hj 
\vliich its motion can be accurately measured, for it is the m- 
eretue of velocity which the macfaiDe iB designed to ascert^n, 
and not the actual velocity of falling bodies. 

119. Now it will ha readily comprehended, that in this re- 
spect it makes no difference now slowly a body &lls, prmiided 
it followi the same lav>s as other descending bodies, and it baa 
already been stated, that al! estimates on this subject are made 
from llie known distance a body descends during the first sec- 
ond of time. 

120. It follows, therefore, that if it can be aicerfained et 
actly, how much &ster a body falls during the third, fourth, or 
fifth second, than it did during the first second, we should he 
able to estimate the distance it would fall during all succeeding 
secoTida. 

121. I^ then, by means of a pendulum beating seconds, the 
weight. A, should be found to descend a certain number of inches 
during the first second, and another certain number during the 
next second, and so on, the ratio of acceleration would be pre- 
cisely ascertained, and could be easily applied to the falling of 
other bodies ; aud this is the use to which this instrument is 
applied. 

122. It will he readily conceived, that sohd bodies falling from 
great heights, must ultimately acquire an amazing velocity by 
this-proportion of increase. An ounce ball of lead, let tall fk>m 
a certain height toward the earth, would thus acquire a force 
ten or twenty times as great ai when shot out of a rifle. 

123. By actual calculation, it has been found that were the 
moon to lose her projectile fcrce, which counterbalances the 
earth's attraction, she would felt to the earth in four days and 
twenty hours, a distance of 240,000 miles. And were the 
earth's projectile force destroyed, it would fall to the sun, witJi- 
out resistance, in sixty-four days and ten hours, a distance of 
95,000,000 of miles. 

124. Eveiy one knows, by his own experience, the difierenl 
effects of the same body falling from a great, or small height. 
A boy will toss up his leaden bullet and catch it with his 
hand, but he soon learns, by its painful effects, not to throw it 

m. BrnlulraeuiiliItaenliDBrilucentfoiiiidl isa. Would II bsponlblelbri 
lUle-bill to aeqiilKigrnler foreE bf liUlDg, than If ehol fram a rlflsl 123, Unw 

UlnantlauB us liTu of iIid i>tct luqutred bj the tbIocUi ii(&aiD«tAU<»\ 



too bigh. The effects of hailstoneB on window-glass, animaby 
and vegetation, are often surprising, and some times calamitous 
illustrations of the velocity of filing bodies. 

125. It has been already stated that the velocities of solid 
Ixxiies, falling from a given height toward the earth, are equal, 
or in other words, that an ounce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in theory, and in a vacuum, but there is a slight 
difference in this respect in favor of the velodty of the lai^r 
body, owing to the resistance of the atmosphere. We, how- 
ever, shall at present consider all solids, of whatever size, as de- 
scending through the same spaces in the same times, this being 
exactly true when they pass without resistance. 

12G. To comprehend the reason of this, we have only to con- 
sider, that the attraction of gravitation in acting on a mass of 
matter, acts on every particle it contains ; and thus every parti- 
cle is drawn down equally, and with the same force. The ef- 
fiict of gravity, therefore, is in exact proportion to the quantity 
of matter the mass contains, and not in proportion to its bulk. 
' 127. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
Iciul cf;ii tains twelve particles of matter where the wood con- 
tains otily one, and consequently will be attracted with twelve 
tim(!S the force, and therefore will weigh twelve times as much. 

128. Attraction proportionable to the quantity of matter. — 
If, thcti, l^;(lics attract each other in proportion to the quantities 
of matU;r tli(ty contain, it follows that if the mass of the earth 
w(;r() doubled, tlio weights of all bodies on its surface would also 
\m doubled ; and if its quantity of matter were tripled, all bodies 
would w(Mgli tlireo times as much as they do at present. 

120. It follows, also, that two attracting bodies, when free to 
inc>v(?, inuHt aj)i)roach each other mutually. If the two bodies 
contain likcj quantities of matter, their approach will be equally 
rapid, and tliey will move equal distances toward each other. 
Hilt if tlic one bo small and the other large, the small one will 
npproiw'b tlio other with a rapidity proportioned to the less 
quantity of matter it contains. 

130. It is easy to conceive, that if a man in one boat pulls at 

125 Will a small and a large body fall through the same space in the same time? 
120. On what parts of a mass of matter does the force of eravify act 1 Is the effect 
of gravity in proportion to bulk, or quRntitv of matter 1 127. What is the different* 
between a ball of lead and one of wood, of the same size? 128. Were the mass of 
the earth doubled, how much more should we weigh! 129. Suppose one body 
moying toward another, three times as large, by the force of gravity what would tie 
their proportional velocities 1 130. IIow is this illustrated ) 
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a rope attacned to another boat, the two boats, if of tbe same 
size, will move toward each other at the same rate ; but if the 
one be large, and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with as much less vel >city as its size is greater. 

131. A man in a boat, pulling a rope attached to a ship, 
Beoms only to move the boat ; but that he really mo\ es the 
ship is certain, when it is considered that a thousand boais pull- 
ing in the same manner would make the ship meet them half 
w^y. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, moves them with dif- 
fei-ent velocities, and that these velocities are in an inverse pro 
portion to their quantities of matter. 

In respect to equal forceSy it is obvious that in the case of 
the ship and single boat, they were "moved toward each other 
by the same force, that is, the force of a man pulling by a 
roj>e. The same principle holds in respect to attraction, for all 
bodies attract each other equally, according to the quantities of 
matter they contain ; and since all attraction is mutual, no bod|l 
attracts another witn a greater force than that by which it is at- 
tracted. 

132. Suppose a body to be placed at a distance from the 
earth, weighing two hundred pounds ; the earth would then 
attract the body with a force equal to two hundred pounds, and 
the body would attract the earth with an equal force, other- 
\»ise their attraction would not be equal and mutual. Another 
body, weighing ten pounds, would be attracted with a force 
equal to ten pounds, and so of all bodies according to the quan- 
tity of matter they contain ; each body being attracted by the 
earth with a force equal to its own weight, and attracting the 
earth with an equal force. 

133. I^ for example, two boats be connected by a rope, and 
a man in one of them pulls with a force equal to 100 pounds, 
it is plain that the force on each vessel would be 100 pounds. 
For k the rope were thrown over a pulley, and a man were 
to pull at one end with a force of 100 pounds, it is plain it 
would take 1 00 pounds at the other end to balance. See Fi^, 1 1. 

131. Does a large body attract a small one with any more force than it is attracted t 
132. Suppose a body weighing 200 pounds to be placed at a distance from the eartlit 
with Uow much fatce does the earth attract the body 1 With what force does the 
body attract the earth? 133. Suppose a man in one boat pulls with a force of ItiO 
%ounds at a rope fastened to another boat, what would b« the force on each boait 
Uovr is this illustrated 1 



84 MOTION OK INCLINED PLANES. 

^143. All the circumstances attending the accelerated de- 
scent of falling bodies, are exhibited in a reversed order when a 
body is projected upward. 

" Tlias, if a body be projected vertically upward, with the ve- 
locity which it would acquire in falling freely during one second^ 
the body so projected will rise exactly to the height from whidi 
it would have fallen in one second, and at that point of its as- 
cent, it will have the velocity which it would have at the same 
point, if it had descended." — Hand Book of Natural Philosc^ 
phy^ (London, 1851,) p. 116. 

144. It has been estimated that a leaden ball (122) falhng 
from a sufficient height, would acquire a much greater force 
than if shot from a rifle. 

It is understood that these estimates refer only to dense bullets, 
as those of lead, or other metals, on which the atmosphere has 
the least resistance. 

145. It is stated that attempts have been made to test this 
principle by shooting rifle-balls vertically, and observing with 
what force they descended, by the depth they penetrated wood- 
dh impediments. 

l^ut tliis would hardly be within the art of gunnery, unless 
the mark erected for the returning ball should be more exten- 
sive than experimenters would be willing to construct. 

MOTION ON INCLINED PLANES. 

140. Bodies falling down inclined planes follow the same 
laws qf motion as those falling freely^ only that their velocities 
are diminished in proportion as the planes are more or less in- 
dined. 

147. This is illustrated by Fig. 13, where let 6 be an inclined 
plane, and A, O, the vertical line of the same length, the letters 
on each marking the points to which the falling body is sup- 
posed U) roach in 1, 2, 3, 4, and 5 seconds. Now suppose two 
l)allM to bo disinisscd at the same instant from A, the one fall- 
lUjT fn^c^jy, and the other along the plane. Then, to find the 
dilK;n;nc(5 in their velocities, draw perpendicular hnes from the 
j)ointH, 1 , 2, 3, 4, and 5, al^>ng the inclined plane, and extend these 
lines to H, (J, li, E, F, G, of the vertical line, and these points 
will n'Kpectively mark the difterence in their velocities. Thus, at 
the end of the first second, one of the balls will arrive at B, an<i 

143. What is the quotation from Dr. Lardnerl 144. What estimates have been 
niade with respect to the fall of a rifle-ball 1 145. What is said of tlie experiment of 
•hooting rifle-Dalls vertically 1 146. What are the laws of motion down inclined 
ttlanesl 147. Explain Fig. 13. 
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the other at 6, and so in th.ese proper- '***• ^* 

tions until they fall to the earth. 

148. It will therefore be observed, 
that although the ball which falls down 
the plane is retarded in its motion by 
friction, still it follows the same law as the 
other, both being uniformly accelerated 
in their descent by the force of gravity. 

FALL OF UGHT BODIES. 

149. It has been stated that the 
eartKs attraction acts equally on all 
bodies containing equal quantities of 
matter J and that in vacuo, all bodies^ 
whether large or small, descend from the 
same heights in the same time, (^25.) 

There is, however, a great differ- 
ence in the quantities of matter which 
bodies of the same bulk contain, and 
consequently a difference in the resist- 
ance which they meet with in passing 
through the air. 

150. Now, the fall of a body containing a large quantity of 
matter in a small bulk, meets with little comparative resistance, 
while the fall of another, containing the same quantity of mat- 
ter, but of larger size, meets with more in comparison, for two 
bodies of the same size, meet with exactly the same resistance. 
Thus, if we let fall a ball of lead, and another of cork, of two 
inches in diameter each, the lead will reach the ground before 
the cork, because, thougli meeting with the same resistance, the 
lead hoR the greatest power of overcoming it. 

1/^1. This, however, does not affect the truth of the general 
law, already established, that the weights of bodies are as the 
qjmntities of matter they contain, * It only shows that the pres- 
sure of the atmosphere prevents bulky and porous substances 
fr^m falling witii the same velocity as those which are compact 
Dr dense. 

152. Were the atmosphere removed, all bodies, whether light 
or heavy, large or small, would descend with the same velocity. 
This has been ascertained by experiment in the following manner : 

148. What doco the explanation of the fiinire prove 1 149. What is said of the fall 
of bodies 1 )50. Why will not a sack of feathers and a stone of the same size fkV 
Ihr ?ugh the air in the same time 1 151. Does this affect the truth of the general laMT, 
ihfft the weights of bodies are as their quantities of matUT ^ V^ V4YaX'«^'ci^^\Q^ 
effiKt on the fall of light and heavy bodies, were the atXiao«p\v«*T«tW^\ 
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The air-pamp is an tDBtrument trf 
meam of which the ^ can be pumped 
out of a close veeeel, as will be aeen under 
the article Pneumatica. Taking this for 
granted at piesent, the esperiment is made 
in the fallowing manner: 

153. On the plate of the air-pump, A, 
place the tall jar, B, which is open at the 
bottom, and has a brass cover fitted close- 
ly to the top. Through the cover let a 
wire pass, atr-tight, having a small cross 
at the lower end. On each side of this 
cross |Jace a little stage, and so contrive 
them that by turning the wire l^ the 
handle, G, these stagee shall be npsel On 
one of the stages place a guinea or piece 
of lead, and on the other place a feather. 
When this is arranged, let the air be ex- 
hausted &om the jar by the pump, and 
then turn the handle, C, so ,that the guinea 
and feather may fell trom tbeir places, and 
it will be found that they will both stiike 
the plate at the same instant Thus is it 
demonstrated, that were it not for the re- 
sistance of Uie atmosphere, a b^ of featbeis and one of 
guineas would fall from a ^ven height with the same velooitj 
and in the same time. 
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CHAPTEB III. 



154. Morrotr nay be defitied, a continued change of ptaco, 
with regard to a fixed pmnt. 

166. Without motion there would be no lising nor setting 
of the aun — no change of seasons — no tall of rain — no building 
of houses, and finally no animal life. Nothing can be done 
without motion, and therefore without it, the whole universe 
Would bo at rest and dead. 

' ''j^"' "*" ' fe«<h« and > (oinoa wlH fall through vfatl iiptuea M 



VELOOITT OF MOTIOK. 9t 

156. In the language of philosophy, the power which puts 
% body in motion is called /orce. Thus, it is the force of gravi- 
ty that overcomes the inertia of bodies, and draws them toward 
ue earth. The force of water and steam gives motion to ma- 
chinery, &c. 

157. For the sake of convenience, and accuracy in the use of 
terms, motion is divided into two kinds, viz. absolute and relative. 

158. Absolute motion is a change of place with regard to a 
fixed point, and is estimated without reference to the motion of 
any other body. When a man rides along the street, or when 
a vessel sails through the water, they are both in absolute motion. 

1597 Relative motion is a change of place in a body, with 
respect to another body, also in motion, and is estimated from 
that other body exactly as absolute motion is fir^m a fixed point. 

160. The absolute velocity of the earth in its orbit from west 
to east^ is 68,000 miles in an hour ; that of Mars, in the same 
direction, is 55,000 miles per hour. The earth's relative ve- 
locity, in this case, is 13,000 miles per hour from west to east. 
That of Mars, comparatively, is 13,000 miles from east to west, 
because the earth leaves Mars that distance behind her, as she 
would leave a fixed point. 

161. JResty in the common meaning of the term, is the op- 
posite of motion, but it is obvious that rest is often a relative 
term, since an object may be perfectly at rest with respect to 
some things, and in rapid motion in respect to others. 

162. Thus, a man sitting on the deck of a steamboat, may 
move at the rate of fifteen miles per hour, with respect to the 
land, and still be at rest with respect to the boat. And so, if 
another man was running on the deck of the same boat at the 
rate of fifteen miles the hour in a contrary direction, he would 
be stationary in respect to a fixed point, and still be running 
with all his might, with respect to the boat. 

VELOCITY OF MOTION. 

163. Velocity is the rate of motion at which a body moves 
from one place to another. * 

Velocity is independent of the weight or magnitude of the 
moving body. Tlius, a cannon-ball and a musket-ball, both 
flying at the rate of a thousand feet in a second, have the same 
velodties. 

156. What is that power called which puts a body in motion ? 157. How is motion 
diYided 1 158. What is absolute motion 1 159. What is relative motion 1 160. What 
is the earth's relative velocity in respect to Mars 1 161. What is rest 7 162. In what 
reroect is a man in a steamboat at rest, and in what respect does he movel 
ie3. WhatisTslocitrl 
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104. Vtilocity is said to be wnifwm^ when the moving bodv 
pnMHtw oTtT oqunl spaces in ea ual times. If a steamboat moves 
at tlit^ rato i)f Umi miles every nour, her yelocity is mufonn. Hie 
Mvtilution of thu earth from west to east is a peipetnal exam- 
]>!» of uniform motion. 

ltir>. VoliM'ity is accelerated, when the rate of motion is in- 
chmimhI, niul tlifl movinp^ body passes throngh nneqnal spaces is 
f<|u:il tiiiu*!4. TliuA, when a falling body moves sixteen feet 
ilurintr tlio firnt fu^eond, and forty-eight feet during the next 
HTniiil, and HO on, its velocity is accelerated. A body feUing 
from IX h<>i«^ht fnx'Iy through the air, is the most perfe^exam- 
plo of tins kind of velocity. 

KUt. HvUirded velocity, is when the rate of motion <^ the 
tNHly is constautly di'cretised, and it is made to move slower 
and Hlowor. A ball thrown upward into the air, has its veloci- 
ty (Constantly n't^mlod by the attraction of gravitation, and oon- 
HiMjuontly, it moves slower every moment. (137.) 
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107. 01 >jt\cts moving : — 


Miles per 
hoar. 


Feet per 
•eeond. 


Mill! M'alkiiiGf, 


3 




4i 


I I(lrH4^ trotting, ...•.•. 


7 




10» 


Hwifti^t met J- horse, ..•,.. 


60 




88 


Iluilwuy train, ( ICii^lish) . . . . 


32 




47 


'* ■ (AiiuTionn) . . . . 


18 




26 


" (lU'l^nun) . . . . 


25 




86 


" (Kmioh) . . . . 


27 




40 


" ((^cnimu) . . . . 


24 




85 


Swift l^'n^liKli 8t cat HOPS, • . . . . 


14 




20 


Ainori(Mut Htoninors on tho Hudson, . 


18 




26 


Fast sailing voshoIs, . . . . 


10 




14 


Ciirri'iit of hIow rivers, . . . . 


. . 3 




41 


" of rapid rivors, . . . 


. . 7 




10 


M<Mli'raU» wiiul, . . . , 


. . 7 




10 


A Mtoriii, with wind, . . . 


. . 36 




52 


A hurricane, in hot oliniati's, . . . 


80 




117 


Air rushing into a vnouuni, . . 


. . 884 




. 1296 


('^>nnnon nniuket-ball, . . 


. . 850 




. 1246 


A rilhi-hall, . . . . 


. 1000 




. 1466 


A Ut-lh. cannon-ball, . . . , 


. . 1600 




. 2346 


A bullot from an air-gun, . . . , 


466 




. 683 . 


Simnd, heat at 3*2'^, . . . 


. . 748 




. 1090 


" do at GO'', . . . 


. . 762 




. 1118 


Earth's velocity round the sun, 


. . 67,374 




. 98,815 


" diurnal motion at equator, 


. . 1037 




. 1520 



164. When is velocity uniform ? 165. Wiien is velocity nccplerated ? Give illw» 
tratione of these two Icliids of velocity. 166. What is meant by retarded velocity I 
Qlv« •n AKample of retarded velocity 
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168. The above, from Lardner^s Mechanics, may be useful for 
occasional reference. • We have omitted the fractional parts with 
respect to the seconds, as being difficult to remember, and 
useless for the present purpose. In regard to American loco- 
motive speed, it is at the present time probably nearly one-third 
too small. The comparative velocities of balls from fire-arms 
di£fer from those given by some other authorities, but on this 
subject we have made no experiments. 

FORCE, OR MOMENTUM OF MOVING BODIES. 

169. The velocities of bodies are equals when they pass over 
equal spaces in tite same times; but the force with which bodies, 
moving at the sam£ rate, overcome impediments, is in propor- 
turn to the quantity of matter they contain. This power, or 
force, is called the mmnentum of the moving body. 

170. Thus, if two bodies of tl^ same weight move with the 
same velocity, their momenta will be equal. 

171. Two vessels, each of a hundred tons, sailing at the rate 
of six miles an hour, would overcome the same impediments or 
be stopped by the same obstructions. Their momenta would 
therefore be the same. 

The force or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

172. A large body moving slowly, may have less momenta 
than a small one moving rapidly. Thus, a bullet shot out of a 
gun, moves with much greater force than a stone thrown by the 
hand. 

173. The momentum of a body is found by multiplying its 
quantity of matter by its velocity per second. Thus, if the 
velocity be 2, and the weight 2, the momentum will be 4. If 
the velocity be 6, and the weight of the body 4, the momentum 
will be 24. 

174. If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, are equal. 
Thus, if a boy throw his ball against the side of the house, with 
the force of 3, the house resists it with an equal force, and the 
ball rebounds. If he throws it against a pane of glass with the 
same force, the glass having only the power of 2 to resist, the ball 
will go through the glass, still retaining one-third of its force. 

168. What is said of the speed of our locomotives 1 169. What is meant by th« 
momentum of a body 1 170. When will the momentum of two bodies be equal 1 
171. Give an example. 1?2. When has a small body a greater momentum than a 
largt onel 173 By what rule- is tiie momentum, of a body found 1 174. When a 
noriiif body strikes an impediment, which receives the greatest atvoc^'\ 



17C. FiLx Dbivbr. — This nucbine conauts of a frame and 
nullity, by which a large piece of cast iron, called tbe Aamnur, 
II raiHotl to the height of 30 or 40 feet, and then let &I1 on tlu 
Gild of a beam of wood called a piit, and by wtdch it is driven 
into tbu f^ound. When the hanuuer is lai^ and the heu(ht 
Goiutiduniblo, tlie foroe, oi momentum, is tremendous, and ui£h 
tlw iiile in hooped with iron, will spht it into fraementa. 

1 7(1. Now the momentum of a bo^ being m proporticoi to 
ilH WHiKlit aiid velocity conjointly, to &id it, we mnat mnltiplj 
tlii'ir two HumB together. 

Hii)>iioH(i tli<!ii the hammer, weighing 2000 potmds, h de- 
vitU'il two w.'cuiidH of time above the nead of the pile^ then, 
iw'(^)r<liiig to the law of falling bodies, (110,) it wonid fitll 64 M 
tliw iM'iiiff Uiu nite of its velocity. Then 64 x 2000, bong Iha 
vuJiN'ity mid quniiUty of matter, givea 64 tons as the momen- 

tiiiti. Kilt according to the same law, this force is ii 

iiii-n'iiNi'il iiy II Hiniill incrcosAf time, for if we add two ai 
of tiiiiii, thii riitii of velocity at the instant of strikiDg would b( 
•itiH dx-l )H<r wtcuiid, and tiiua 266 x2O00=S12,O00pouudi,oi 
'ibn Loivt. 

177. AfirioN AND RKACTioif fm. u, 

wji'*'.- -— AVww uliscTiiationa 
miiile m t/m r/i-el» of bodies 
^triklny i-iirh lillwr, it is found 
thill ai-.tlim mill niiclion art 
rifaid ; iir, in olhrr leards, that 
fiiirr imd n-xi'nliiiux arc cijital. 
'I'him, '"Acw « moi'iitif body 
itritfH 'iw Hint is III rat, the 
iMulif lit ri-sl Trlanm tlio blow 
wi/'k r.r'i'lf"n: 

't\m in il!iiHtri>l.»l by the 
wi'll known fimt, tliiit if two 
)H'niiiNH Hlriku tiiiiir lii'iuls to- 
giil.liitr, iiiKi Ih'Iii^ in iiiolion, 
iiij'l l.lin ollirir lit twt, t\u:y are 
l".i]i i'<|iiully hurt 

I7n. TIjii |)1iilt;w>]iliy of ac- 
tion utid reliction in finely illustrated by a number of ivoiT 
balls, HUH])i!iided by threads, as ia Piff. 15, so as to touch eacn 




RKTLBOTKD HOTIOir. '41 

other. If the ball a be drawn from the perpendicular, and then 
let £sdl, so as to strike the one next to it, the motion of the &lling 
ball will be communicated through the whole series, from one to 
the other. None of the balls except /, will, however, appear to 
move. This will be understood, when we consider that the reac- 
tion of 6 is just ^ual to the action of a, and that each of the 
other balls, in like manner, act, and react, on the other, until 
the motion of a arrives at f, which, having no impediment, or 
nothing to act upon, is itself put in motion. It is therefore, 
reaction, which causes all the balls, except/, to remain at rest. 

180. It is by a modification of the same principle, that rock- 
ets are impelled through the air. The stream of expanded air, 
or the fire, which is emitted from the lower end of the rocket, 
not only pushes against the rocket itself but against the atmos- 
pheric air, which, reacting against the air so expanded, sends 
the rocket along. 

181. It was on account of not understanding the principles 
of action and reaction, that the man imdertook to mt^e a fair 
wind for his pleasure-boat, to be used whenever he wished to 
sail. He fixed an immense bellows in the stem of his boat, not 
doubting that the wind from it would carry him along. But 
on making the experiment, he found that Ins boat went back- 
ward instead of forward. The reason is plain. The reaction 
of the atmosphere on the stream of wind from the bellows, 
before it reached the sail, moved the boat in a contrary direction. 

182. Had the sail received the whole force of the wind from 
the bellows, the boat would not have moved at all, for then, 
action and reaction would have been exactly equal, and it would 
have been like a man's attempting to raise himself over a fence 
by the straps of his boots. 

RKFLKCTED MOTION. 

183. It has been stated (27) that all bodies when once set in 
^notion, would continue to move straight forward, until some 
impedimentj acting in a contrary direction, should bring them 
to rest ; continued motion without impediment being a conse- 
quence of the inertia of matter, 

184. Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line in which they move. 
■ — — ^— ^ 

179. When one of the irory balls strikes the other, why does the most distant one onlj 
morel 180. On what principle are rockets impelled through the air? 181. In the 
experfmem with the boat and bellows, why did the boat move backward 1 182. 
Wo J would it not have moved at all had the sail receiyed all the wind &oiatSy^\M9b 
lowil 183. What is said ofthe continuity of motion 1 
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TLus a ball sent out of a gun, or struck by a bat^ turns neither 
to tbe right nor left, but makes a cunre toward the earth, in 
consequence of another force, which is the attraction of gravita- 
tion, and by which, together with the resistance of the atmos« 
phere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. 

A single force, or impulse, sends the body directly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 

185. If^ for instance, two moving bodies strike each otiber 
obliquely, they will both be thrown out of the line of their fnv 
mer direction. This is called reflected motion, because it 
observes the same laws as reflected light 

186. The bounding of a ball; the skipping of a stone over 
the STnooth surface of a pond ; and the oblique direction of an 
api>le, when it touches a limb in its fall, are examples of reflected 
motion* 

By experiments on this kind of motion, it is found that moY- 
ing bodies observe certain laws, in respect to the direction they 
take in rebounding from any impediment they happen to strike. 

187. Thus, a ball, striking on the floor, or wall of a room, 
makes the same angle in leaving the point where it strikes, that 
it docs in approaching it. 

188. Suppose a, 6, "^o. 16. 
Fiff. 16, to be a mar- 
ble floor, and c, to be 
an ivory ball, which 
has been thrown to- 
ward the floor in the 

direction of the line n^eeted Motion. 

c e ; it will rebound 
in the direction of the line e c?, thus making the two angles/ 
and g exactly equal. 

189. K the ball approaches the floor under a larger oi 
smaller angle, its rebound will observe the same rule. Thua^ 
if it fell in the line h k^ Fig. 1 7, its rebound would be in the line 

184. Suppose a body is acted on, and set in motion by a single force, in what direo* 
tlon will It move ? 185. What is the motion called, when a l)ody is turned out of « 
•traight line by another force ? 186. What illustrations can you give of rcfleeted 
motion 1 What laws are observed in reflected motion 1 187. Suppose a ball to ba 
thrown on the floor in a certain direction, what rule will it observe in rebouncUng 1 
laa w»«i-in Fig 18 
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Jb ft, and if it was drop- no. 17. 

ped perpendicularly 

DTom I to k, it would 

return in the same line 

to I. The angle which 

the ball makes with 

the perpendicular line, 

I ky in its approach to 

the floor, is called the 

atiffle of incidence, and 

that which it makes^ squai Angu*, 

in departing from the 

floor with tiie same line, is called the angle of reflection^ and 

these angles are always equal. 




COMPOUND MOTION. 

190. Compound motion is that which is prodticed by two or 
moreforceSj acting in different directions, on the samje body, at 
the earns time. This will be readily understood by a diagram. 

191. Suppose the ball 

a. Fig. 18, to be moving ; "Q- ^ 

with a certain velocity in 
the line h c, and suppose 
that at the instant when it 
came to the point a, it 
should be struck with an 
equal force in the direction 
of d e, then, as it can not 
obey the direction of both 
these force% it will take a 
course between them, and 
fly off in the direction of/. 
The reason of this 
is plain. The first ^orce 
would carry the ball from 
6 to c ; the second would carry it from d Xo e ; and these two 
forces being equal, gives it a direction just half way between the 
two, and therefore it is sent toward/. 
The line a /, is called the diagonal of the square, and 




Compound Motion, 



189. What is the angle called, which the ball makes in approaching the floor 1 
What is the angle called, which it makes in leaving the floor 1 What is the diflTerence 
' between these angles % 190. What is compound motion 1 191. Suppose a ball, mov 
faig with a certain force, to be struck crosswise with the same force. In whaX dureft. 
tienwill Umorvel 
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roHiiIlH from tlio croBs forces, b and <f, being equal to each oUiei; 
If OIKS of tlio moving forces is greater than the other, then the 
djRgoiiu) lino will bo longthonca in the direction of the greater 
forcM), and instt'iid of being the diagonal of a sqnarei itvill 
bcuoiiin that of a parallelogram. 

102. Su))]Kmo tlu) force 

in tlio direction of a 6, '**■ ^ 

should drive tho ball with 
twico tho velocity of tho 
cr«>H« forco c c/, Fi[^, 19, 
th«;ii tho ball would go 
twic<j ns far from tho line 
e d^ w from tho lino b a, 
and cf would 1x3 tlio diag- 
onal of a piirallelogram 
whr)Ho longih i» double its 
breadth. 

103. HupT)Oflo a boat, in 

croHsiiig a nvor, is rowed forward at the rate of four miles an 
hour, and tho currx^nt of the rivor is at the same rate, then the 
two croHS forc<« will bo equal, and the line of the boat will be 
tho difi^onal of a nquarc, as in Fig. 18. But if the current be 
four miles an hour, and tho progress of the boat forward only 
two miles an hour, then tho boat will go down stream twice as 
fast as she goes across tho river, and hor path will be the diago- 
nal of a parallelogram, as in Fig. 10, and therefore, to make the 
boat pass directly across tho stream, it must be rowed toward 
Bomo ])oint higher up tho river than the l a n ding-place ; a &ct 
well known to boatmen. 

104. CiKCUB RiDKR. — ^Thoso who have seen feats of horse- 
mauHhir) at tho drcus, are often surprised that when the man 
leaps dirfictly uj)ward, tho horse does not pass from under him, 
and that in doHconding ho does not fall behind the animal 
But it should bo considered that, on leaving the saddle, the 
hody of tho rider has tho same velocity as t£at of the horse ; 
nor does his leaving tlio horse by jumping upward, in any 
degree diminish liis velocity in the same direction ; his motion 
being cr>Ti tinned by tho impulse ho had gained from the animaL 
In this Cc'ise, tho body of tho man describes tho diagonal of a 
parallelogram, one side of which is in the direction of the horseli 

192. HuppoM it to be itruck with twice its former force, in what direction will M 
morel What ii the line a/ Fiff. 18, called 1 What is the line e/, Fig. 19, uOsd. 
Bow are these figures illustrated? Explain Pigs. 18 and 19. 193. Explain the motion o| 
the boat 1 Why does the leaping circus rider form the diagonal of a parallelogram t 
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moUon, and the other perpecdiculEU'ly upward, 
ia which he makes the leap. 

IS5. This will be 
better undorstood 
W Fig. 20, where 
t£e two forces are 
illustrated. Had 
the rider remaiaed 
on the horse, he 
would have reached ' 
that point, where he 

meets him after the (xraa mdtr. 

leap over the iron 

bar, under which the animal passes. This force the rider gaitu 
from the horse. The diagonal force is the result of his own 
moscular exertion, and by which he raises himself above the 
bar, still retaiaing in his leap the velocity of the hone, and thus 
regains the saddle, as though he hod not left it. 

The motion of lie rider ia through the section of a sphere, at 
Bhown by the figure, where the horae and rider are shown befora 



f; 



after the leap. 



196, Circular motion ia that of a body mi a ring, or circle, 
and it produced by the action of two forces. By one of these 
foreei, the moving body tends toflyoffin a straight line, whila 
by the other it ia drawn toward ike center, and thus it is made 
to revolve, or move round in a circle. 

107. The force by which a body tends to go off in a str«ght 
line, b called tie centrifugal force ; that which keeps it from 
flying away, and draws it toward the center, is called the cm- 
trijietaljbree. 

198. Bodies moving in circles are constantly acted upon by 
these two forces. If the centrifugal force should cease, the 
moving body would no longer perform a circle, but would 
approach the center of its own motion.' If the centripetal force 
Biioiild cease, the body would instantly begin to move off in a 
straight line, this being, as we have explained, the direction 
whi(£ all bodies take when acted on by a single force. 



■«. EipUIn Fh- 30. ui< 
lh< l»p} 196. WHU iic 
Wlul !t Iha smtrifugiil lb 
MSlItfilgLl force ahould ct 
ptMntiipeUl foreaihook: 
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Centrifugal 



100. Siip]toAO a cannon-ball, 
/V5/. 21, tied with a string to 
the center of a slab of smooth 
marble, and suppose an at- 
tempt be made to push this 
ball with the hand in tho di- 
nvtiun of b ; it is obvious tliat 
the string would prevent its 

tuning to that ]>oint ; but would 
iecp it in the circle. In this 
case the string is the centripe- 
tal forc»». 

*JOl). Now sup]>ose tho Wl 
to l>e kept n»volving with ra- 
pidity, its velocity and weight 
Would cause its centrifu<j^al 
forci* ; and if the string were cut, when the ball was at the 
]M)int r, for instance, this force would cany it off in the line 
toward b. 

The greater the velocity with which a body moves round in 
a circle, the greater will bo the force with wluch it wonld tend 
to t\y oti' in a right line. 

Thus, when one wishes to sling a stone to the greatest dis- 
tance, he makes it whirl round with the greatest possible 
rai)i(lity, before he lets it go. Before the invention oi other 
warlike instruments, soldiei-s threw stones in this manner, with 
great force and dreadful etVects. 

201. The line about which a body revolves, is called its axis 
of motion. The point round which it turns, or on which it 
rests, is called tho center of motion. In Fig. 21, the point rf, to 
which tlu) string is fixed, is the center of motion. In the spin- 
;iing-toj), a lino tlirough tho center of the handle to the point 
on which it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at the greatest 
distanc^j from tho axis of motion, has the greatest velocity, and, 
conscf|U(;ntly, tho greatest centrifugal force. 

'J 02. Suj>poso tlio wheel, Fig. 22, to revolve a certain number 
of tiuKJs in a miimto, tho velocity of the end of the arm at the 
point a, would be as mucli greater than its middle at the 
l'()iiit i, m its distance is greater from tho axis of motion, because^ 



190. What constitutep the centrifiwfal force of the body moving round in a circle 1 
aw. IIow 18 this illustrated 1 201. What is the axis of motion \ What is the centei 
of motion? Give ilhistrationsl 202. What part of a revolving wheel has the grMl 
est cexitrifugal force ? 



OS27TXR OF ORAYITT. 



49 



it moves in a larger circle, and ■'®' 

consequentlj the centrifugal 
force of the rim c, would, in like 
manner, be as its distance from 
the center of motion. 

203. Large wheels, which are 
designed to turn with great ve- 
locity, must, therefore, be made 
with corresponding strength, 
otherwise the centnfugal force 
will overcome the cohesive attrac- 
tion, or the strength of the fast- 
enings, in which case the wheel 
will fly in pieces. This some- 
times happens to the large grindstones used in gun factones, 
and the stone either flies away piecemeal, or breaks in the mid- 
dle, to the great danger of the workmen. 

204. Were the diurnal velocity of the earth about seventeen 
&nes greater than it is, those parts at the greatest distance from 
its axis would begin to fly off* in straight lines, as the water does 
fix)m a grindstone when it is turned rapidly. 




Revolving Wheel 



CENTER OF GRAVITT. 



FIG. 23. 



205. The center of gravity^ in any body or system ofhodiesy 
is that point upon which the body, or system of bodies, acted 
upon only by gravity, mil balance itself in all positions, 

206. The center of gravity, in a 
wheel made entirely of wood, and of 
equal thickness, would be exactly in 
its center of motion. But if one side 
of the wheel were made of iron, and 
the other part of wood, its center of 
gravity would be changed to some 
point, aside from the center of the 
wheel. 

207. Thus, the center of gravity 
In the wooden wheel, Mg, 23, is at 
the axis on which it turns ; but were 
the arm a, of iron, its center of mo- 




Center tf Graxity. 



SQ9. Why must large wheels, turning with great velocity, be strongly made ? 204. 
Vfhat would be the consequence, were the velocity of the earth seventeen times 
ffrealtr th^n it is 1 205. Where is the center of gravity in a body? 206. Where is 
the eenter of gravity in a wheel made of wood ? If one side is made of wood, and the 
Other of iron, where is the center 7 207. Is the center of motion and of gravity 
ahrajitlMMinei 
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lion and of gravity would no longer be tlie same, bat while the 
center of motion remained as before, the center of gravity would 
fall to the point a. Thus the centar of motion and of gravity 
thoup^h often at the same pointy are not always so. 

When a body is shaped irr^ularly, or there are two or more 
bodies connected, the center of gravity is the point on which 
thev will balance without fdling. 



no. 2L FIQ. 8& 

A Be 




« » 




208. K the two balls A and B, Fiff. 24, weigh each hm 
pounds, the center of gravity will be a point on the bar equally 
distant from each. 

But if one of the balls be heavier than the other, then the 
center of p^anty will, in proportion, approach the larger ball. 
Thus, in Fig. 25, if C weighs two pounds, and D eight pounds, 
this center will be four times the distance from C that it is 
from D. 

209. In a body of equal thickness, as a board, or a slab of 
marble, but otherwise of an irregular shape, the center of gravity 
may bo found by suspending it, first from one point, and then 
from another, and marking, by means of a plumb-line, the per- 
pendicular ranges from the point of suspension. The center of 
gravity will be the point where these two lines cross each other. 



no. 26. 



no. 27. 



FIG. 28L 






Finding the Center of Oravitff. 

Thus, if tlie irregular shaped piece of board, Fig, 26, be sus- 
pended by making a hole through it at the point A, and at the 

206. When two bodies are connected, as by a bar between them, where is the cen- 
ter of gravity 1 209* In a board of irregular shape, by what method is tke center tf 
fravity found 1 
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same point suspending the plumb-line C, both board and line 
will hang in the position represented in the figure. Having 
marked this line across the board, let it be suspended again in 
the position of Fig. 27, and the perpendicular line again marked. 
The point where these lines cross, is the center of gravity, as 
■een by Fig. 28. 

210. Importance of the subject. — ^It is often of great conse- 
quence, in the concerns of hfe, that the subject of gravity should 
be well considered, since the strength of buildings, and of ma- 
chinery, often depends chiefly on lUe gravitating point. 

Common experience teaches, that a tall object, with a nar- 
row base, cpr foundation, is easily overturned ; but common 
experience does not teach the reason, for it is only by under- 
standing principles, that practice improves experiment. 

211. An upright object will fall to the ground, when it leans 
so much that a perpendicular line from its center of gravity M\& 
beyond its base. A tall chimney, therefore, with a narrow 
foundation, such as are commonly built at the present day, will 
fall with a very slight inclination. 

212. Now, in falling, the center of gravity passes through 
the part of a circle, the center of which is at the extremity of 
the base on which tiie body stands. This will be comprehended 
by Fig. 29. 

Suppose the figure fig. 29. fig. 30. 

to be a block of mar- 
ble, which is to be 
ttpned over, by lift- 
ing at the corner A, 
the corner B would 
be the center of its 
motion, or the point 

on which it would turn. The center of gravity, C, would, there- 
fore, describe the part of a circle, of which the corner, B, is the 
©mter. 

213. It will be found that the greatest difficulty in turning 
C7er a square block of marble, is in first raising up the center 
of gravity, for the resistance will constantly become less, in pro- 
portion as the point approaches a perpendicular line over the 
comer B, which, having passed, it vnll fall by its own gravity. 




210. Why f8 finding the center of gravity of importance 1 211. In what direction 
nraat the center of gravity be from the eutside of tne base, before the object will falll 
212. In fiiUing, the center of gravity passes through part or a circle ; "where is the een* 
ter of this circle 1 213. In turning over a body wny does the force required con- 
ttuitljr become less and less 1 



M cxNTBK or oiuvnr. 

^e difficulty in turning over a body of particular fbnn, will 
be more Btrikingly illustrtited by the figure of a triangle, or low 
pyramid. 

214. In Fig. 30, the center (^ gravity ia so low, and the baM 
BO broad, that in taming it over, a great proportion of its whole 
wMght must be raised. Hence we see the firmness of the pyra- 
mid in theoiT, and cxpenGnce proves its tmth ; for buildingB are 
found to withstand the effects of time, and the conimotions of 
earthquakes, in proportion as they approach this figure. 

The moat ancient monuments of the art of building, now 
standing, the pyramids of Egypt, are of this form. 

215. Movement of a Ball. — ^When a hall ia rolled on a hori- 
zontal plane, the center of gravity is not raised, bnt moves is a 
straight Lne, parallel to the surface of the plane on which it 
rolls, and b consequently always directly ovei its center of 
motion. 

216. Suppose, Fig. 31, A is the no. ai. 
plane on which the ball moves, B 

the line on which the center of grav- 
ity moves, and C a plumb-line, show- / 
ing that the center of gravity must ! 
always be over the center of motion, \ ^ ^^ ^^ 
when the ball moves on a horizontal ^ ^xt's^ 
plane — then we shall see the reason 
why a ball moring on such a plane, 
will rest with equal firmness in any 
position, and why so little foi'ce is required to set it in motjon. 
For in no other figure does the center of gravity describe a 
horizontal line over that of motion, in whatever direction the 
body is moved. 

217. If the plane is inclined downward, the ball is instantly 
thrown into molJon, because the center of gravity then falls for- 
ward of that of motion, or the point on which the ball rests. 

218. Tliis is explained by Fig. 32, where A is the point on 
which the ball rests, or the center of motion, B the perpendicular 
line from the center of gravity, as shown by the plumb- weight C. 

219. If the plane is inclined opward, force is required to 
move the ball in that direction, because the center of gravity 

SH.WhjiaUierol™ force r^ired lo oYcrtum « cube, or square, Ihan » pyp* 

diTMlinndMsiheceSlErofgrBTlljmove) Eiplsi n Rg aj,''s".''w^y'd«."i.'tall 

lorcal inr. in^piaus lif^iKliii«l'<lownward, why dues iLb^u'rXhTibMdlrw 
Hon t SIB. EipliUi Fie. 33, 219, Whr It lorce required to Diois > Inll ud (a la> 
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FIG. 33. 



then falls behind that of motion, and "°- ^ 

therefore this point has to be constantly 
lifted. This is also shown by Fig, 32, 
only consideriDg the ball to be moving 
up t&e inclined plane, instead of'down it 
From these principles, itjinll be read- 
ily understood why so miteh force is 
required to roll a heavy body, as a 
hogshead of sugar, for instance, up an 
mclined plane. The center of gravity 
falling behind that of motion, the weight 

is constantly acting against the force employed to raise the 
body. 

220. Illustration by Blocks. — One of the best illustrations of 
this subject may be made by a number of square blocks of wood, 
placed on each other, as in Fig. 33, forming a 

leaning tower. Where ^yQ blocks are placed 
in this position, the point of gravity is near the 
center of the third block, and is within the 
base, as shown by the plumb-line. But on 
adding another block, the gravitating point 
fisdls beyond the base, and the whole will now 
fall by its own weight. 

221. The student having such blocks, (and 
they may be picked up about any joiner's 
shop,) will convince himself that however care- 
fully his leaning tower is laid up, it will not 
stand when the center of gravity falls an inch 
or two beyond the support. 

222. We may learn, from these compari- 
sons, that it is more dangerous to ride in a 
high carriage than a low one, in proportion to 
the elevation of the vehicle, and the nearness 

of the wheels to each other, or in proportion to the narrowness 
of the base, and the height of the center of gravity. A load of 
hay. Fig. 34, upsets where one wheel rises but little above the 
other, because it is broader on the top than the distance of the 
wheels from each other ; while a load of stone is very rarely 
tamed over, because the center of gravity is near the earth, and 
its weight between the wheels, instead of being far above them. 

220. Why is a body, shaped like Fig. 33, easily thrown down 1 Hence, in riding 
hi ftcanriage, how is the danger of upsetting proportioned 1 Explain Fig. 33. 221. 
How may the point of grayity be found by means of a number of square blockat 
fZL Why will a load ofhay upset more readily than one of 8lLou«'\ 




Leaning Tower. 




keep his feet constantly advancing 
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228. Center of gravity in man. — 
In mau tlie center of gravity is be- 
tween the hipa, and hence, wera his 
feet tied t<^ther, and his anns tied 
to his sides, a very slight incllaatioii 
of his body would carry the perpen- 
dicular of his center of gravi^ be- 
yond the base, and he would fall. 
But when hia Ibnbe are free to niovii, 
he widens his base, and changes this 
center at pleasure, by throwing out 
his arms, as circumstances require. 

When a man runs, be inclines for- 
ward, so that the center of gravity 
may hang before his base, and in 
this position he is obliged to keep 
otherwise he would fell forward. 

A man standing on one foot, can not throw his body forward 
without, at the same time, throwing his other foot batiward, in 
order to keep the center of gravity within the base. 

224. A man, therefore, standing with his heets against a per- 
pendicular wall, can not stoop forward without falling, because 
the wall prevents hia throwing any part of his body backward. 
A person, little versed in sucn things, agreed to pay a certain 
sum of money for an opportunity of possessing himself of double 
the sum, by taking it from the door with his heels against the 
wall lie man, of course, lost his money, for in such a posture, 
one can hardly reach lower than his own knee. 

225. The base on which a man is supported, in walking or 
standing, is his feet, and the space between them. By tnminff 
the toes out, this base is made broader, without taking mu^ 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those who 
turn them inward. 

226. In consequence of the upright position of man, he is 
constantly obliged to employ some exertion to keep his balance. 
This seems to be the reason why children learn to walk with so 
much difficulty ; for after they have strength to stand, it rft- 
quires considerable experience so to balance the body as to sat 
one foot before the other without falling. 

aaa. Wlif" !■ Ihe tenl*r of man's griTiti 1 W)i> nlU a man fall wllb a miiht In- 

■Unatioil, •'^fo Ilia Irel and arnia are tied 1 S^. Whr can no( one who sunda villi 

),lai -''-aiwan slnapforwu-dl 239. Wh> doet a person walk moHL firmlT, 

'U ouiward 1 f££. Whf doea not a ch^ltf walk aj sooa «s hg mo 
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221. By experience in the art of balnndng, or of keeping the 
Wterof graWtyin a line over the base, men somelimes perform-, 
a that, at first tUgkt, appear altogether lieyond human 
r, such aa dining with the table and chair standing on a' 
ingle rope, dancing on a wire, &c. 
228. Illuslmlion by Trees. — No fcrm, under which matter 
data, escapes the general law of gravity, and hence vegetables, 
" a animals, are formed with reference to tlte position of 
& center, in respect to the base. 

i. is interesting, in reference to this circumstance, to observe 
l]Bw exactly the tall trees of the forest conform to this law. 
' The pine, which grows a hundred feet high, shoots up with 
is muii BJtactness, with respect to keeping its center of gravity 
tritbin the base, as though it had been directed by the plumb- 
a. master builder. Its limbs toward the top are sent off 
b conformity to the same !aw ; each one growing in respect to 
e other, so as to preserve a due balance between the whc' 



229. SncpHERns av Lakue 
ice in the art of balancing, 
rm feats which are won- 
I to aU beholdera. The 
spherda of Landes, in the 
Iputh of France, are perhaps 
e onlypeople wlio apply this 
!t to the common busmess of 
These men walk on stilts 
a four to five feet high ; and 
children, when quite 
ning, who are intended to 
' e tie places of their fathcra 
\ shepherds, are taught this 
^ 'n order to qualify Uiem for 

> To Btrangera, passing tleir 
Estrict, these men cut a figure 
3 ludicrous and surpris- 
ing. Fig. 35, Bnt it is for 
their own convenience that this 
singular custom has been adopt- 
ed„for by this means the feet 
are kept out of the water which 



noticed, by 
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oovers dieir land in the winter, and from the heated sand in the 
summer. Besides these comforts, the sphere of rision over a 
flat country is materially increased by the elevation, so that the 
shepherd can see his flock at a much greater distance than from 
the ground. 

By habit, it is said thase men acquire the art of balancing 
themselves so perfectly as to run, jump, and dance on these 
stilts with perfect ease. They walk with surprising quickness 
so that footmen have to do their best to keep up withthenL 

CENTER OF INERTIA, OR INACTITnT. 

230. It will he remembered that ineriia (22) is one of the 
inlierent, or essential properties of matter, cmd that it is in con- 
sequence of this property J when bodies are at rest, that they never 
move without the application of force, and when once in motion, 
that they never cease moving without some external cause, (27.) 

231. Now, inertia, though like gravity, it resides equally in 
every particle of matter, must have, like it, a center in each par- 
ticular body, and this center is the same with that of gravity. 

232. In a bar of iron, six feet long and two inches square, 
this center is just three feet from each end, or exactly in the 
middle. If, therefore, the bar is supported at this point, it will 
balance equally, and because there are equal weights on both 
ends, it will not fall. 

Now suppose a bar should be raised by raising up the center 
of gravity, then the inertia of all its parts would be overcome 
equally with that of the middle. The center of gravity is. 
therefore, the center of inertia. 

233. But, suppose pio 3g 
the same bar of iron, 
whose inertia was over- 
come by raising the 
center, to have balls of 

diirorcnt weights at- center of inertia, 

tach(;d to its ends; 

then the center of inertia would no longer remain in the nriddle 
of the bar, but would be changed to the point A, Fig. 36, so 
that, to lift the whole, this point must be raised, instead of the 
middle, as before. 





230. What effect does inertia exert on bodies at rest ? Wliat effect does it have on 
Mies In motion 1 231. Is the center of inertia, and tliat of gravity, the same 1 232 
Wnara lithe center of inertia in a body, or a system of bodies 1 233. Why is th« 
Mint of inertia chanj^cd* by fixing different weights «o the eudii of the iron bar 7 
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■aUILIBRIUM. 

• 

234. When two forces counteract, or balance each other, thef 
are said to be in equilibrium, 

235. It is not necessary for this purpose that the weights 
opposed to each other should be equally heavy, for we have 
just seen that a small weight, placed at a distance from the 
center of inertia, will balance a large one placed near it To 
pioduce equilibrium, it is only necessary Uiat the weights on 
each side of the support should mutually counteract each other, 
or if set in motion, that their momenta should be equal. 

236. A pair of scales are in equilibrium when the beam is 
in a horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the center of inertia, or gravity, 

237. If a body, or sev- 
eral bodies, connected, be fig. w. 
suspended by a string, as 
in i%. 37, the point of 
support is always in a per- 
pendicular line above the 
center of inertia. The 
plumb-line, D, cuts the bar 
connecting the two balls at 
this point. Were the two 
weights in this figure equal, 
it is evident that the hook, 
or point of support, must 
be in the middle of the string, to preserve the horizontal 
position. 

238. When a man stands on his right foot, he keeps himself 
in equilibrium, by leaning to the right, so as to bring his center 
of gravity in a perpendicular line over the foot on which he 
stands. 

CURVILINEAR, OR BENT MOTION. 

239. We have seen that a single force acting on a body, (1 83,) 
drives it straight f<yrward, and that two forces acting crosswise^ 
drive it midway between the two, or give it a diagonal direc' 
turn, (190.) 




Equilibrium. 



234. What is meant by equilibrium 1 235. To produce equilibriumj'must th« 
weights be equal 1 236. When is a pair of scales in equilibrium 1 237. When a body 
Is suroended oy a string, where muiK the support be with respect to the point ol in* 
•rtlaf 230. What is me«it by cunrilinear motion 1 
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Cumlinear motion differs from both these ; the direction of 
the body being neither straight forward nor diagonal, but through 
a line which is curved. 

This kind of motion may be in any direction ; but when it is 
produced in part by gravity, its direction is always toward the 
earth. 

239. A stream of water from an aperture in the side of a 
vessel, as it falls toward the ground, is an example of a curved 
line ; and a body passing through such a line, is said to have 
curvilinear motion. Any body projected forward, as a cannon- 
ball, or rocket, falls to Hie earUi in a curved line. 

240. It is the action of gra>ity acioss the course of the stream, 
or the path of the ball, mat bends it downward and makes it 
form a curve. The motion is, therefore, the result of two forces, 
that of projection, and that of gravity. 

241. In jets of water ^ the shape of the curve will depend on 
the velocity of the stream. When the pressure of the water is 
ffreat, the stream, near the vessel, is nearly horizontal, because 
its velocity is in proportion to the pressure. When a ball first 
leaves the cannon, it describes but a slight curve, because its 
projectile velocity is then greatest. 

242. The curves described by jets of water under different 
degrees of pressure, are readily illustrated by tapping a tall 
vessel in several places, one above the other. 

243. The action of gravity being always the same, the shape 
of the curve described must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at first thought, would seem improbable ; for, without 
consideration, most persons would assert, that, if two cannons 
were fired from the same spot at the same instant, and in the same 
direction, one of the balls falling half a mile, and the other a 
mile distant, that the ball which went to the greatest distance 
would take the most time in performing its journey. 

244. But it must be remembered, that the projectile force 
does not in the least interfere with the force of gravity. A ball 



239. What are examples of this kind of motion 1 240. What two forces prodaos 
this motion 1 241. On what does the shape of the curve depend 1 242. How are tht 
curves described by jets of water ilhistrated 1 243. What diflFerence 16 there in re. 
■pect to the time talcen by a body to reach the jpround, whether xhxi curve be great of 
small 1 244. Why do bodies, forming diflFerent curves from the same height, reach 
the ground at the same time 7 Suppose two balls, one flying at the rate of a thousand 
and the other at the rate of a hundred feet per second, which would descend vaoA 
daring the second 1 
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flyiDg horizontally, at the rate of a thousand feel per second, is 
attracted downward with precisely the same force as ond flying 
only a hundied feet per second, and must, therefore, descend 
the same distance in Ihie same time. 

245. The distance to which a ball will go, depends on the 
force of impulse given it the first instant, and, consequently, on 
its projectile velocity. If it moves slowly, the distance will bo 
short; if more rapidly, the space passed over will be greater. 
It makes no difference, then, in respect to the descent of the 
ball, whether its projectile motion be fast or slow, or whether it 
moves forward at all. 

246. Falling of Cannon Balls, — This may be shown by ex- 
periment. Suppose a cannon to be loaded with a ball, and 
placed on the top of a tower, at such a height from the ground, 
that it would take just four seconds for the ball to descend from 
it to the ground, if let fall perpendicularly. Now, suppose the 
cannon to be fired in an exact horizontal direction, and, at the 
same instant, the ball to be dropped toward the ground. They 
will both reach the ground at the same instant, provided its 
surface be a horizontal plane from the foot of the tower to the 
place where the projected ball strikes. 

24*7. Demonstration, — ^This is demonstrated by Fig, 38, where 
A is the cannon from which the ball is to be fired, a the ver- 
tical line of the descending ball. A, B, 1, a, the parallelogram 
through which the ball passes during the first second. 

Now the ball dropped in the vertical direction, will descend 
16 feet th6 first second, increasing its velocity according to the 
law of falling bodies already explained. Meantime tibe pro- 
jected ball passing through the diagonal of the upper parallelo- 
gram, will arrive at 1, while the other falls to a. During the 
next second the vertical ball will fall to 6, while the other, in 
consequence of its projectile force, will pass through the diago- 
nal of the parallelogram 6, 2, C, A. 

The same laws of descent being continued, it is obvious, that 
the two balls vrill reach rf, 4 at the same instant. 

248. From these principles it may be inferred, that the hoi- 
izontal motion of a body through the air, does not interfere 
with its gravitating motion toward the earth, and, therefore, 

916. Does it make any difference in respect to the descent of the ball, whether it 
has a projectile motion or not 1 246. Suppose, then, one ball be fired from a cannon, 
and another let fall from the same height at the same instant, would they both reach 
tfie ground at the same time 1 247. Explain Fig. 38, showing the reason why the 
two baUa will reach the ground at the same time. Why does the ball approach th« 
earth more rapidly in the last part of the curve than in the &t«1^«xV.%* ^A»- >N\x%x \& 
the inference nrom theae principles V ^ 

3* 
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Umt a rifle-ball, or any other body projected horizontally, will 
niiicli tlio firooiid in the same period of time as one that is let 
fall i*r|M!inlii!uliirIy from the Knme height. 

'Mi>. I'lie two forces noting on bodies which fall through 
mrviA liniiH, tiro tlio saino as the centrifugal and centripetal 
fitTitm, alniiuly exritiiincd ; the centrifugal, in case of the ball, 
ImiiiK caiDted by the powder — the centripetal, being the action 
"fgnivity, (ll'l>.) 

lifill. Now the Rpace tlirough which a cannon-ball, or any 
oilier Ixuly, am Im t)iro\Tn, depends on the velocity with whi(ui 
it in pr'iJMcttid ; for the attriiction of gravitiktion, and the resistr 
ati»i of tlie nir, iictiiig perpetnntly, the lime which a projectile 
cmi Iki heftt in motion throuf;li the air is only a few moments. 

J'erjielual lifimlutiim.^U the projectile be thrown firom an 
dldvatixl Hiluation, it is plain that it would strike at a greater 
drMtanc, tiian if tlirown on a level, 1>ccauR0 it would remnin 
Imni-.r ill Uk! iiir. Kvery one knows Unit he can throw a stone 
Ui Ik f;reat<'r distiinco when standing on a steep hill, than wheD 
standing on the plain below. 

261. Suppose the circle, /V^. 39, to be the earth, and A, a 
high mountain on its sin-face. Suppose that thb mountain 
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chea above the atmos- 

Ehere, or is fifty miles 
igh, then a eannon-bnll 
might perhaps reach 
from A toB,a ilistancB 
of eigiity or a hundred 
miles, because the resist- 
nnoe of the atmosphere 
being out of the calcula- 
tion, it would have notJi- 
ing to contend with, ex- 
cept the attraction of 
fravitaljon. If, then, one 
egree of force, or veltw- 
ity, would send it toB, 
another would send it to 
C; and if the force was 

increased three timaa, it would fall to D, and if four 
would pass to E. 11^ now, wo suppose the force to be about 
timea greater than that with which a cannon-ball la projecta< 
it would not fall to the earth at any of these pointa, but would 
contbue its motion until it again came to the point A, the pluLS 
from which it was first projected. 

-262, It would now be in equilibrium, the centrifugal forca 
being juat-equal to [hat of grayity, and, tjierefore, it would per- 
fonn another and another revolution, and so continue to revolve 
aro'und the earth perpetually. 

253. It ia these two forces which retain the heavenly bodies 
in their orbita ; and in the case we have supposed, our cannon- 
ball would become a httio satellite, moving perpetualiy roujjd 
tha earth. ^ 
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25*. Law anb Forcb of PnojBOTn.EB. — Ever since the dis- 
'ery of gunpowder, the laws of projectiles have been studied 
with attention, as being of importance in the art of war. Many 
learned and ehiborale works have been published on the sub- 
ject, but our limits will only admit the insertion of a few of tha 
most important principles of Gunnery. 

255. A projectile, as a bullet from a gun, unless it has a 
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vertical direction, is acted on by two forces, that of projection, 
which carries it forward, and that of gravity, which draws it 
downward. Its path, therefore, is a curve, called a parabola. 

256. The distance to which the ball will fly, depends on the 
force of projection, since, if its direction is horizontal, its isX[ 
toward the earth by the force of gravity (250) will be the same, 
whether its velocity be great or small. 

257. The resistance of the atmosphere, is the great impedi- 
ment to the effects of projectile forces. Thus it has been de- 
monstrated that a 24-lb. cannon-ball, discharged at an elevation 
of 45°, and at the velocity of 2000 feet per second, would, in 
vacuo, reach the horizon-distance of 125,000 feet, but the re- 
sistance of the air limits its range to 7,300 feet. 

258. VBLOorrr of the Ball. — ^There are several methods 
of computing the velocity of the ball, one of which is by means 
of the Ballistic pendulum. This is a thick, heavy block of 
wood, so suspended as to swing freely about on axis, and into 
this the ball is fired. The weight of the ball, and that of the 
block being known, the velocity is found, by the degrees of mo- 
tion given to the pendulum, which is accurately measured by 
macMnery. 

259. Recoil of the Ghm, — ^Another method of finding the 
velocity of the ball, is by means of the recoil of the gun. This 
method is founded on the supposition that the explosive force 
of the powder, communicates equal quantities of motion to the 
gun and ball, in opposite directions. Hence, by suspending 
the gun, loaded with weights, like a pendulum, the extent of its 
arc of vibration, will indicate the force of the charge, and by 
knowing the weights of the gun and ball, its velocity is indica- 
ted. By such means Dr. Hutton constructed the following 
table: — 



POWDER. 


VELOCITY PER SECOND. 


DISTANCE. 


TIME OF PLIOffT. 


Ounces. 

2 

4 

8 

12 


Feet. 

800 
1230 
1640 
1680 


Feet. 

4100 
5100 
6000 
6700 


Seconds. 

9 
12 
144 
15i 



260. Experiment shows that the velocity of the ball increases 



966b On what does the distance of a projectile depend 1 257. What is said of afr 
inospheric resistance 7 258. Wliat is the construction of the ballistic pendulum 
V9 ' 1 other method of estimating the velocity of the ball 1 
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with the chaise, to a certain extent, which is peculiar to each 
gun, after which the increase diminishes the force, until the 
bore is quite full. 

261. The greatest velocity of a ball known, is about 2000 
feet per second, and this from a cannon. This velocity dimui- 
ishes, soon after it leaves the gun. 

262. Power and Destrtiction. — The penetration of the ball 
is as the square of its velocity. Hence, when the object is 
merely to penetrate, as in the breaching of a fortification, the 
greatest velocity is given. B,ut in naval combats, the utmost 
velocity is not the most injurious, the most destructive balls 
being such as merely pierce the ship's sides. 



MANUFACTUEE OF PERCUSSION CAPS. 



263. The processes by which percussion caps are made at the 
establishment of Mr. Mclntyre, in the city of Hartford, Ct., are 
as follow : — 

264. JP'irst, — ^The copper is rolled to about the thickness of 
stout brown paper, and is then cut into strips three-fourths of an 
inch wide, and several yards long. The end of such a strip 
being placed between tiie rollers of a cutting and puncbing 
machine, invented for this purpose, the whole, without further 
attention, is cut into star-like pieces of the form and size repre- 
sented by Fig, 40, A being the piece cut out, and B, the ap- 
pearance of the strip of copper after the operation. 

FIG. 40. 




First shape of the Copper. 

These pieces are instantly moved, by the same engine, under 
the punch, by which they are driven through a finely creased 
die, and are thus formed into caps which fail into a vessel 
below. 

These stellate pieces, being struck by the punch in the cen- 
ter, the extremities are thus brought into contact, but not 
joined, so that the caps consist of four portions connected at tbe 
bottom, like the four quarters of all orange peel. 

960l How far does the velocity of the hall increase with that ot 1\\« Omxv** 
What )■ the greatest Teloeitjr of a tall T 262. What Telocity oC t:h« ^N^iV Va 
sinictiTe** 
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When the caps are eiploded by the hammer, these qnarten 
open and thus prevent the tearing of the metal which, if solid, 
would bo apt to fly into fragments and thus endanger the 
eyes. ■ 

265. Second. — The caps are nert placed in a revolving cj'lin- 
der containing saw-dust, by which they are made clean and 
bright 

They are now ready to receive the fulmtnalmff powder, the 
explasion of which sets fire to the powder in the gim barrel 

The caps are now placed, a handful at a tune, on a ahect of 
iron, three feet long, eight inches wide, and the fourth of an 
inch thick, pierced with holes a quarter of an inch apart, as 
shown by Fiff. 41 This being placed m a horizontal position, 
and shaken, the caps find their way into the apertures, with 
their open ends up, in a manner that is quite surprising 




266. Third. — A piece of brass plate, of the exact size of that 
containing the caps, is pierced with apertures to correepond with 
each and every cap, but smaller in size, aa shown by .rV^. 43. 



This plate, being about the sixth of an inch thick, i* ]tuA on 

■ amootii surface, and the fulminating compound, a little moist- 

by^m-water, is rubbed into the apertures wi'Ji the hand 

't adheres, tliat remaining on Hie aurface V)e\ci2 tubbed off 
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267. Fourth, — This brass plate, being laid on that contain- 
ing the caps, each aperture corresponding to a cap, the powder, 
by means of a brush, is made to fall into the caps. 

268. Fifth, — ^The caps are now charged witb the powder, 
in a loose state, and requires a gentle pressure to fix it in its 
place. 

This is done by placing the plate, containing them, as above 
described, under rows of punches, which are worked with a httlo 
cam engine, and by which the punches are hfted, while the 
plate is moved forward, by means of a click and notches, so as 
to correspond exactly with the fall of the punches, by the press- 
ure of which, the powder is fixed in its place. 

269. Sixth.^—ThQ best caps are varnished, in order to pro- 
tect them firom moisture. It being the powder only which 
requires this protection, in France it is done with a Httle brush 
on each cap held in the fingers. But Mr. Mclntyre has invented 
a much more expeditious way, and which insures the same 
quantity in each cap. 

This is done by a small machine, consisting of two ca^> 
click working in horizontal notches, and a crank, by illiifehi 
the whole is ipoved. On the platform or bed of this, is laid the 
plate, Fig, 41, containing the caps, (268,) and on working the 
machine, two dozen blunt metallic points are alternately dipped 
into a little trough containing copal varnish, and then into the 
caps, these being moved by the click, to correspond with the 
revolution of the cams by which the motions of these points 
are produced. In this way hundreds of caps are varnished in 
a few minutes. 

270. Seventh. — The edges of the best caps are polished, on* 
at a time, by holding them with pliers for a second on a spindle 
of steel, revolving a thousand times a minute, the point of 
which enters the cap, the edge rubbing against a shoulder, by 
which the work is done. 

With two engines, as above described, the proprietor esti- 
mates the number of caps made per day, to bo about 100,000, 
a market being always ready for all he can make. 

RESULTANT MOTION. 

271. Resultant motion consists in the operation of two, or 
tnore, forces, the joint action of which, results in unity of effect. 



STL What is meant by resultant motion 1 Suppose two Y>oa^ n\Ykxi% «1^ wnai^ 
rate and in tbe same direction, if an apple be tossed from oae to iXie o'^vc^'Wi^aX 
bt its direction in respect to the boats 7 
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Pendvlum. 



2T9. A pendulum is a heavy body, such as apiece of brass 
or leadj suspended by a wire or cordy so oa to stoing backward 
and forward. 

When a pendulum swings, it is said to vibrate ; and that 
part of a circle through which it vibrates, is called its arc. 

280. The times of the vibration of a pendulum are very 
nearly equal, whether it pass through a greater or less part « 
its arc. 

Suppose A and ^^' **• 

B, Fig. 44, to be 
two pendulums of 
equal length, and 
suppose the weights 
of each are carried, 
the one to C, and 
the other to D, and 
both let fall at the 
same instant ; their 
vibrations would be 

equal in respect to time, the one passing through its aro ftom 
to E, and so back again in the same time that the other 
passes from D to F, and back again. 

281. The reason of this appears to be, that when the pendu- 
lum is raised high, the action of gravity draws it more (firectly 
downward, and it therefore acquires in falling a greater com- 
parative velocity than is proportioned to the trifling difference 
of height. 

282. Common Clock. — In the conmaon clock, the pendulum 
is connected with wheel-work, to regulate the motion of the 
hands, and witli weights, by which the whole is moved. The 
vibrations of the pendulum are numbered by a wheel or 
escapement, having thirty teeth, which revolves once in a 
minute. Each tooth, therefore, answers to one vibration of the 
pendulum, and the wheel moves forward one tooth inBf second, 
Thus the second-hand revolves once in every sixty beats of the 
pendulum ; and, as these beats are seconds, it goes round onct 
in a minute. By the pendulum the whole machine is regu- 
lated, for the clock goes faster or slower, according to its num- 



279. What is a pendulum 1 280. What is meant by the vibration of a pendulum 1 

What is that part of a circle called tlirough which it swings? 281. Why does the 

pendulum vibrate in equal time whether it goes through a small or large part of itf 

— "1 282. Describe the common clock. Uow many vibrations has the pendalumia 

itel 
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ber of vibrations io a mv6a time. The number <^ vibratioiu 
which a pendulum mi^es in a given lime depends upon its 
length, becauM a long pendulnm does not perfOTm its jour- 
ney to and from the corresponding points of its arc bo soon as a 

283. As the motion of the clock is regulated entirely by the 
pendulum, and as the number of vibrations are as its length, 
the least variation in this respect will alter its rate of going. 
To beat seconds, its length must be about thirty-nine inches. 
In the common dock, the length is regulated by a screw, which 
ruses and lowers the weight. But as the rod to which the 
weight is attached is sntject to variations of lengtli, in conse- 
quence of the change of the seasons, being contracted by cold 
and lengthened by heat, the common clock goes &ster in win- 
ter than in summer. 

In the small clocks of the present day, na. u. 

the pendulum oscillates twice and some- 
times more in a second, and consequently 
the escapement must have 60 or more 
teeth, the second-hand performing two 
revolntjons in a minute. 

The length of a pendulum beating two 
seconds is the sqnare of that beating 
seconds. If the length of the seconds 
pendulum be 89^ indies, then that beat- 
mg two seconds will be about 13 feet. 

A pendulum beating half seconds is in 
length, as the square root of that beating 
seoondjB, or about 10 inches long. 

284. Gridiron Pendulum, — Various 
meana have been contrived to counteract 
the effects of these changes, so that the 
pendulum may continue the same length 
the whole year. Among inventions fi» 
this purpose, the gridiron pendulnm is 
considered among the best It is so called, 
because it consists of sever^ rods of dif- 
feren^metala connected together at each 
end. 




fivcD tims I WIiU IB Ibe oiedlum Length of t 
dOH « eotaoion cloDk gofoslBr iu vinierlhu 
napeet lo (b* pnduluDi. to make Ihe slack gi 
UH prioeirlxni "Ueli the gridiron penduluia 
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285. The principle on which this pendulum is constructed is 
derived from the fact that some metals dilate more by the same 
d^ees of heat than others. Thus, brass will dilate about twice 
as much by heat, and, consequently, contract twice as much by 
cold, as steel. If^ then, these d^erences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, and 
during all seasons. 

286. Suppose, then, steel bars A B, are firmly fixed to cross 
bars at each end, as seen by Fig, 45, and that on the lower 
cross bar, the brass rods 1 2, are also fixed, then the steel bars 
can expand only downward, and the brass ones, only upward. 
Now as the pendulum rod passes through the lower cross bar, 
and is fixed to the upper cross piece of tibe brass rods, it will be 
seen that the elongation of the two metals by heat mutually 
counteract each other, and therefore that the point of suspen- 
sion, a, and the pendulum weight, 6, will always remain at the 
same distance from each other. It is found by experiment that 
the expansion of brass to that of steel is in the proportion of 
100 to 61. 

28*7. Gravity varies the Vibrations. — ^As it is the force of 
gravity which draws the weight of the pendulum from the 
highest point of its arc downward, and as this force increases or 
diminishes as bodies approach toward the center of the earth, 
or recede from it, so the pendulum vnll vibrate faster or slower 
in proportion as this attraction is stronger or weaker. 

288. Now it is known that the earth at the equator rises 
higher from its center than it does at the poles, for toward the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
more rapidly. For this reason, a clock that would keep exact 
time at the equator would gain time at the poles, for the rate at 
which a clock goes depends on the number of vibrations its pen- 
dulum makes. Therefore, pendulums, in order to beat secondn, 
must be shorter at the equator, and longer at the poles. 

For the same reason, a clock which keeps exact time at the 
foot of a high mountain, would move slower on its top. ** 

286. What are the metabi of which this instrument is made 1 286. Explain Fl^. 45, and 
five the reason why the length of the pendulum will not change by the vanations of 
temperature. 287. What is the downward force which makes the pendulum vibratel 
BzpIalD the reason why the same clock would go faster at the poles, and slower at 
Ul« equator. 288. How can a clock which goes true at the equator be made to go 
tnr. .* *ka noles 1 WiU a clock keep equal time at the foot and on the top of a hi^ 
Why will it not? 
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FIG. 48. 
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289. Metronome. — ^There is a short pendalum, used by mu- 
flicians for marking time, which may be made to vibrate fast or 
slow, as occasion requires. This HtUe instrument is called a 
tnetronomey and besides the pendulum, consists of several wheels, 
and a spiral spring, by which the whole is moved. This pen- 
dulum is only ten or twelve inches long, and instead of being 
suspended by the end, like other pendulums, the rod is pro- 
longed above the point of suspension, and there is a ball placed 
near the upper, as well as at the lower extremity. 

290. This arrangement will be under- 
stood by Fig, 46, where A is the axis 
of suspension, B the upper ball, and C 
the lower one. Now, when this pendu- 
lum vibrates from the point A, ike up- 
per ball constantly retards the motion of 
the lower one, by in part counterbalanc- 
ing its weight, and thus preventing its 
full velocity downward. 

291. Perhaps this will be more ap- 
parent, by placing the pendulum, Mg. 
47, for a moment on its side, and across 
a bar, at the point of suspension. In 
this position, it will be seen that the 
little ball would prevent the large one 
from fsdling with its full weight, since, 
were it moved to a cer- 
tain distance &om the 
point of suspension, it 
would balance the large 

one so that it would not Metrononu. 

descend at all It is plain, 

therefore, that the comparative velocity of the large ball will bo 
in proportion as the small one is moved to a greater or less dis- 
tance from the point of suspension. The metronome is so con- 
structed, the little ball being made to move up and down on 
the rod at pleasure, that its vibrations are made to beat the 
time of a quick or slow tune, as occasion requires. 

By this arrangement, the instrument is made to vibrate every 
two seconds, or every hal^ or quarter of a second, at pleasure. 
Metronome means time measurer. 




FIG. 47. 




289. What is the metronome ? How does this pendulum differ from the common 
pendulums 1 290. Explain Fig. 46. 291. How does the upper ball retard the motion 
•f the lower one 7 How is the metronome made to go faiitor ,or slower, at Qleaaas« 1 



CHAPTER IV. 

MECHANICS. 

292. Mechanics is a science which investigates the latos and 
effects of force and motion, 

293. The practical object of this science is, to teach the beet 
modes of overcoming resistances by means of mechanical powers, 
and to apply motion to useful purposes, by means of machinery. 

294. A machine is any instrument by which power, motion, 
or velocity, is applied or regulated. 

296. A machine may be very simple, or exceedingly com- 
plex. Thus, a pin is a machine for fastening clothes, and a 
steam-engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several considerations ought to precede the actual construo- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too late, that 
his time and money had been tlirown away, for want of proper 
reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia on 
weight, to be moved — the force to be apphed — the strength ol 
the materials, and the space or situation he has to work in 
For, if the force applied, or the strength of the materials be in- 
suflicient, his machine is obviously useless ; and if the force and 
strength be ample, but the space be wanting, the same result 
must follow. 

If he intends his machine for twisting the fibers of flexible 
substances into threads, ho may find no difficulty in respect to 
power, strength of materials, or space to work in, but if the 

292. Wliat is mechanics 7 293. What is the object of this science 1 294. What if 
a machine 1 295. Mention one of the most simple, and one of the most complex of 
macbinea. 
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velocity^ directiorij and kind of motion he obtains, be not appli- 
cable to ihe work intended, he still loses his labor. 

Thousands of machines have been constructed, which, so far 
as regarded the skill of the workmen, the ingenuity of the con- 
triver, and the construction of the individual parts, were models 
of art and beauty ; and, so far as could be seen without trial, 
admirably adapted to the intended purpose. But on putting 
them to actual use, it has too often been found, that their only 
imperfection consisted in a stubborn refusal to do any part of 
the work intended. 

Now, a thorough knowledge of the laws of motion, and the 
principles of mechanics, would, in many instances, at least, have 
prevented all this loss of labor and money, and spared him so 
much vexation and chagrin, by showing the projector that his 
machine would not answer the intended purpose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

DEFINITIONS. 

296. In mechanics, as well as in other sciences, there are 
words which must be explained, either because they are com- 
mon words used in a peculiar sense, or because they are terms 
of art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

29Y. J^orce is the means by which bodies are set in motion, 

kept in motion, and when moving, are brought to rest. 

The force of gunpowder sets the baJl in motion, and keeps 

it moving, until the force of the resisting air, and the force 

of gravity, bring it to rest. 

298. Potoer is the means by which the machine is moved, 
and the force gained. Thus we have horse-poifer, water- 
power, and the power of weights. . 

299. Weight is the resistance, or the thing to be moved by 
the force of the power. Thus the stone is the weight to 
be moved by the force of the lever or bar. 

800. Fulcrum^ or prop, is the point on which a thing is sup- 
ported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the 
fulcrum. 



S97. What is meant by force In mechanics 7 298. What is meant by power 1 299 
What Is understood by weight 1 300. What is the fulcrum 1 901. Are the mechan 
Ital powers namerousi or only few in number 1 
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801. In mechanics, there are a few simple machines called 
the mechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of these few in- 
dividual powers. 

We shall' not here burden the memoir of the pupil with the 
names of these powers, of the nature oi which he is at present 
supposed to know nothing, but shall explain the action and use 
of each in its turn, and then sum up the whole for his accom- 
modation. 



THE LEVER. 




302. Any rod, or bar, which is used in raising a weight, or 
surmounting a resistance, hy being placed onafuUrum, or prop, 
becomes a lever. Levers are simple and compound. 

303. Simple levers are of three kinds, namely: first, where 
the fulcrum is between the power and the weight; second, 
where the weight is between the fulcrum and the power ; third, 
where the power is between the fulcrum and the weight 

304. First Kind, — The first kind is represented by Fig. 48, 
being a straight 

rod of iron, called ^^' ^ 

a crowbar, in com- 
mon use for rais- 
ing rocks and oth- 
er heavy bodies. 
The stone, B, is 
the weight, A the 
lever, and C the 
fulcrum ; the power being the hand of a man applied at A. 

It will be observed, that by this arrangement the application 
of a small power may be used to overcome a great resistance. 

306. The force to be obtained by the lever, depends on its 
length, together with the power applied, and the distance of the 
weight and power from the fulcrum. 

306. Suppose, Fig, 49, that A is the lever, B the fulcrum, D 
the weight to be raised, and C tho power. Let D be considered 
three times as heavy as 0, and the fulcrum three times as £u 
from C as it is from D ; then the weight and power will ex- 
actly balance .each other. Thus, if the bar be four feet long, 

802. What is a lever % 303. What are the three kinds of simple levers 1 304. What 
It the simplest of all mechanical powers') Explain Fig. 48. Which is the weight 1 
Where is the fulcrum 1 Where is the power applied 1 What is the power in thia 
eace ? 3<^* On what does the force to be obtained by the lever depend 1 906. Skip- 
p/Mui o Ipver four feet long, and the fulcrum one foot from the end, what nambar of 
'U balance each other at the ends t 
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no. 49. 





Lner-^Unequal Arnu, 

and the fulcrum three feet from the end, then three pounds on 
the long arm will weigh just as much as nine pounds on the 
short arm, and these proportions will be found me same in all 
cases. 

307. When two weights balance each other, the fulcrum is 
always at the center of gravity between them, and therefore, 
to make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater the 
distance yrom tite fulcrum the small weight or power is placed, 
the greater will be its force. 

FIG. 60. 
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Lever-^Double Weightt. 

808. Suppose the weight B, Fig. 50, to be sixteen poimds, 
and suppose the fulcrum to be placed so near it, as to be raised 
by the power A, of four pounds hanging equally distant from 
the fiilcrum and the end of the lever. If now the power A be 
removed, and another of two pounds, C, be placed at the end 
of the lever, its force will be just equal to A, placed at the 
middle of the lever. 

809. But let the fulcrum be moved along to the middle of 
the lever, with the weight of sixteen pounds still suspended to 
it, it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, Mg, 51. 

307. When weights balance each other, at what point between them must the fol* 
cram be 1 306 Suppose a weight of 16 pounds on the short arm of a lever is ooun- 
tsrbalaiiced br 4 pounds in the middle of the long arm, what power would balance 
thfai w«if ht at the end of the lever 1 309. Suppose the fulcrum to b« moved to tD« 
iBidilt of ilM lersr, what power would thtn b« equal to 16'^«^ti^% 

4 
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Lever— Espial Arme. 

Thus, the power which would balance sixteen pounds, when 
the fulcrum is in one place, must be exchanged for another power 
weighing eight times as much, when tlie fulcrum is in another 
place. 

310. From these investigations, we may draw the following 
general truth, or proposition, concerning the lever : " That the 
force of the lever increases in proportion to the distance of the 
power from the fulcrum, and diminishes in proportion as the 
distance of the weight from the fulcrum increases.^ 

311. From this proposition, may be drawn the following rule, 
by which the exact proportions between the weight or resist- 
ance, and the power, may be found. Multiply/ the weight hy 
its distance from tlie fulcrum ; then multiply the power by its 
distance from the same point, and if the products are egttaly the 
weight and the power will balance each other, 

312. Suppose a weight of 100 pounds on the short arm of 
a lever, 8 inches from the fulcrum, then another weight, or 
power, of 8 pounds, would be equal to this, at the distance 
of 100 inches fro n the fulcrum ; because 8 multiplied by 100 
is equal to 800 ; and 100 multiplied by 8 is equal to 800, and 
thus they would mutually counteract each other. 

313. Many instruments 

in common use are on the fig. 52. 

principle of this kind of 

lever. Scissors, Fig, 62, 

consist of two levers, the 

r'iVet being the fulcrum 

for both. The fingers are 

the power, and the cloth 

to be cut, the resistance to 

be overcome. Tu>o Leven, 

Pincers, forceps, and 
9u gar-cutters, are examples of this kind of lever. 




810 What is the general proposition drawn from these results 7 311. What li th« 
rule for finding the proportions between the weight and power 1 312. Give an Wtath 
tration of this rule. 313^ What instruments operate on tne principle of thii tover I 



LKVKB. 



tt 



i\ 




d 




Oommon Seaka. 



814. A common sccUe-beam, used for wei^bing, is a lever, 
sufipended at the center of gravity, so that ue two arms bal- 
ance each other. Hence the machine is called a balance. The 
fiilcnA, or what is called the pivot^ is sharpened, like a wedge, 
and made of hardened steel, so as much as possible to avoid 
friction. 

315. A dish is suspended by no. 68 
cords to each end or arm of the 
lever, for the purpose of hold- 
ing the articles to be weighed. 
When the whole is suspended 
at the point a, Mg, 53, the 
beam or lever ought to remain 
in a horizontal position, one of 
its ends being exactly as high 

as the other. If the weights in the two dishes are equal, and 
the support exactly in the center, they will always hang as 
represented in the figure. 

316. A very slight variation of the point of support toward 
one end of the lever, will make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
with a scale-beam of eight inches long, if the point of support 
is half an inch too near the weight, the buyer would be cheated 
nearly one ounce, and consequently nearly one pound in every 
sixteen poimds. This fraud might instantly be detected by 
changing the places of the sugar and weight, for then the dif- 
ference would be quite' material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

317. The «feeZyar<f dif- 
fers from the balance, in 
having its support near 
one end, instead of in the 
middle, and also in hav- 
ing the weights suspend- 
ed by hooks, instead of sieefyard, 

being placed in a dish. 

If we suppose the beam to be 7 inches long, and the hook, 
C, Mff. 64, to be one inch jfrom the end, then t£e pound weight, 
A, will require an additional pound at B, for every inch it is 



FIG. 51 
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314. In the common scale-beam, where is the fulcrum 1 315. In what position 
ought the scale-betun to hang 1 316. How may a fraudulent scale-beam be made 1 
Bowjnajtbe cheat be detected 1 317. How does the sUelyaxd dJiSwc Vt<3;t&>kA 
■ * iV 
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moved from it This, however, supposes thai the bar will bal- 
ance itself^ before any weights are attached to it 

no. OL 





Lever of the Second Kbed, 

818. Second Kind. — ^The second kind of lever is represented 
by Fig, 66, where W is the weight, L the lever, F the fulcrum, 
and V a pulley, over which a string is thrown, and a weight 
suHp<aidcd, as the power. In the common use of a lever of the 
first kind, Uie force is gained by bearing down the long arm, 
which Ih called prying. In the second kind, the force is gained 
by carrying the long arm in a contrary direction, or upward, 
and this is called lifting. 

810. Levers of the second kind are not so common as the 
first, but are frequently used for certain purposes. The oars of 
a lx>at are examples of the second, kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boat is 
the weight to bo moved, and the hands of the man, the power. 

320. Two men carrying a load between them on a pole, is 
also an example of this kind of lever. Each man acts as the 
I>ower in moving the weight, and at the same time each be- 
comes tlio fulcrum in respect to the other. 

If the weiglit happens to slide on the pole, the man toward 
whom it go(« has to bear more of it in proportion as its dis- 
taiKJO from him is less than before. 

321. A load at A, Fig, 66, is borne equally by the two men, 
being (equally distant from each other; but at B, three quarters 
of its weight would be on the man at that end, because three 
quarters of the length of the lever would be on the side of the 
other man. 



318. Ib the first kind •f lever, where is the fulcrum, in respect to the weight and 
•owerl In the second kind, where is the fulcrum, in respect to the weight and 
bower 1 What is the action of the first kind called ? What is the action of the aec- 
imd kind called 7 319. Give examples of the second kind of lever. 320. In rowing a 
koiU, what ii the fulcrum, what the weight, and what the power ? 321. What otniBr 
iUuttnUlouB ofthiMprineiple are given? 
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Z«ver ef the Third Kind. 



822. 7%trc? Kind, — ^In the third and last kind of lever, the 
weight is placed at one end, the fulcrum at the other end, and 
the power between them, or the hand, is between the fulcrum 
and iJie weight. 

This is represented by Fig, 67, where C is the fulcrum, A 
the power, suspended over the pulley B, and D is the weight 
to be raised. 

323. This kind of lever works to great disadvantage, since 
the power must be greater than the weight. It is ^erefore 
seldom used, except in cases where velocity and not force is 
required. In raising a ladder from the ground to the roof of 
a house, men are obliged sometimes to make use of this princi- 
ple, and the great difficulty of doing so, illustrates the mechan- 
ical disadvantage of this kind of lever. 

We have now described the three kinds of levers, and, we 
hope, have made the manner in which each kind acts plain, by 
illustrations. But to make the difference between them stiU 
more obvious, and to avoid all confusion, we will here compare 
them together. 



322. Id the third kind of lever where are the respective plaees of the weight, 
power, and falcram 1 323. What is the disadvantage of this kind of lever 1 Give an 
ejuumpie of the use of the third kind of lever 1 
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The Leten C om pa n d. 

824. In Fiff. 58, the weight and hand both act downward. 
In 50, the weight and hand act in contrary directions, the hand 
upward and the weight downward, the weight being between 
them. In 60, the hand and weight also act in contrary direc- 
tions, but the hand is between the fulcrum and the weight. 

825. Compound Lever. — When several simple levers are 
connected together, and act one upon the other, the machine u 



8U. In what direetion do the band and weight act. in the first kind of lever 1 Is 
What direction do they act in the second kind T In what direction do they act in &• 
UiM kind 1 825. What ia a compoand lever 7 
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called a compound lever. In this machine, as each lever acts as 
an individual, and with a force equal to the action of the next 
lever upon it, the force is increased or diminished, and becomes 
^eater or less, in proportion to the number or kind of levers 
employed. 

We will illustrate this kind of lever by a single example, bui 
must refer the inquisitive student to more extended works for a 
iull investigation of the subject 

no. 6L 
E ^ P 

== 'l I' -~T— 
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Oompomnd Lever. 



Fiffir^l represents a compound lever, consisting of three ami- 
ple levers of the first kind. 

320. In calculating the force of tlus lever, the rule applies 
which has already been given for the simple lever, namely : 
The length of the long arm is to he multiplied hy the mowing 
powery and that of tk^ short one, hy the weight, or resistance. 

327. Let us suppose, then, that the three levers in the figure 
are of the same length, the long arms being six inches, and the 
short ones two inches long ; required, the weight which a mov- 
ing power of 1 pound at A will balance at B. In the first place, 
1 pound at A, would balance 3 pounds at E, for the lever being 
6 inches, and the power 1 poimd, 6x1 = 6, and the short one 
being 2 inches, 2x3=6. The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, mul- 
tiply the 3 by 6=18; and multiply the length of the short 
arm, being 2 inches, by 9 = 18. These two products being 
equal, the power upon the long arm of the third lever, at D, 
would be 9 pounds. 9 pounds x6=54, and 27x2, is 64; so 
that 1 pound at A would balance 27 at B. 
" The increase of force is thus slow, because the proportion be- 
tween the long and short arms is only as 2 to 6, or in the pro- 
portions of 1, 3, 9. 



836. By what rule is the force of the compound lever calculated 1 327. How nnan/ 
pounds weight will be raised by three levers conneaed, of six inches MCb^ with thA 
■ilcnm two inches from the end, by a power of one pound^ 
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328. Now suppose the long arms d[ these kyen to be 18 
inches, and the short ones 1 inch, and^the resiilt will be stnr- 
prisingly different, for then 1 pound atl A wonld balance 18 
pouncb at E, and the second leyer would haye a power of 
18 pounds. This being multiplied by the length of the leyer, 
18x18=324 pounds at D. The third leyer would thus be 
moved by a power of 324 pounds, which, multiplied by 18 
inches for the weight it would raise, would giye 5832 pounds. 

329. Tlie compound lever is employed in the construction of 
weighing machines^ and particularly in cases where great weights 
are to be determined, in situations where other machines would 
be inconvenient, on account of their occupying too much space. 

330. Knee Lever. — A compound instrument, called the 
Knee Lever ^ is used in various kinds of machinery, the pimdple 
of which is explained by Fig. 62. 

This combination consists of 
a metal rod, A B, having a 
joint at A, above which there 
IS a firm support. At C is an- 
other rod, or bar, jointed to the 
long lever, and terminating at 
G, where there is another joint, 
attached to a movable plat« 
form, on which the force of the 
two lovers are exerted. 

Now when B is pushed to- 
ward tlio vertical position, the 
force on the joints A and G, is 
constantly increased, until the 
two bars become perpendicular, 
when the pressure exerted, is 
augmented to nearly an indefi- 
nite d(»grce. 

331. Various engines for pressing paper, and for printing, aie 
constructed on this principle, and it is said they are unequaled 
m ])owcr, except by the Hydrostatic press. 




Knee Lever. 
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332. The mechanical power, next to the lever in arrange- 



328. If the long arms of the levers be eighteen inches, and the short ones one inch 
^iom much will a power of one pound balance 1 329. In what machines is the com 
poond lever employed 1 330. Explain the principle of the Knee Lever, Fig 62. 331 
Wbat machines are on this principle 1 



no. SI. 



e suppose the circumferenca 
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ment, is the wheel and axle. It is, however, caucb more oum- 
plez than the lever. 

333. It consifitB ot two wheels, 
one of which is larger than tie 
other, but the small one passes 
throngh the larger, and hence both 
have a common center, on which 
they turn. 

334. The manner in which this 
machine acts will be understood b 
Fig. 63. The large wheel, A, o 
turning the machine, will take up, 
or throw o^ as much more rope 
than the small wheel or axle, B, as 
its circumference is greater, 

of the large wheel to he four times that of the small one, then 
it will take up the rope four times as fast And because A is 
four times as lai^e aS B, 1 pound at D will balance 4 pounds 
at C, on the opcoaite side, 

335. The pnnciple of this machine is no. 64. 
that of the lever, as will be apparent 
by an examination of Fig. 64. 

336. This figure represents the ma- 
chine endwise, so as to show in what 
manner the lever operates. The two 
weights hanging in opposition to each 
other, the one on the wheel at A, and 
the other on the axle at B, act in the 
same manner as if they were connected 
by the horizontal lever AB, passing from 
one to the other, having Uie common muttoBd Axit. 
center, C, as a fulcrum between them. 

337. The wheel and axle, therefore, acta like a constant sdc- 
ceesion of levers, the long arm being half the diameter of the 
wheel, and the short one half the diameter of the axle; the 
common center of both being the fulcrum. The wheel and ail<* 
has, therefore, been called the perjxtval lever. 

338. The gr^t advantage of this mechanical arrangement is, 
that while a single lever of the same power can raise a weight 




332. Whil ii lbs neil nnolwnlwl power lo ibe Lexer 1 333. Dwcribe Ihii ni«- 
dilnt. 334. EipWB Fl>. 63. 335, On what principle does IhH m»=hln*«lJ MB; 
In nt- 64, wUcfi is the fultnun, lud wblch tlie mo armi of the lerer iLRiWhf 
h UiS Buchioe ™Ued, In rtference lo the principle on which it kHI aW. Vhat U 
Iha fTMl adruiUfe oftbl* bucUb* otbt tba Itnr ud oUui mvstaukal fg«tn1 



bai a &w inchee at a time, and then onlf in a certain direction, 
ibia macliine exerts a continual force, and in any direction 
wanted. To change ihe direction, it is only necessary that tha 
rope by which the weight is to be raised, ehould be carried in a 
line perpendicular to the axis of the machine, to the place beloir 
whera tne weight liea, and there be let foil over a pulley. 

339. Suppose the wheel 

and axle, Aff. 66, is erect- via «& 

ed in the third story of a 
atore-house, with the axle 
over the scuttles, or doors 
through the floors, so that 
goods can be raised by it 
ttom the ground-floor, in 
the direction of the weight 
A. Suppose, also, that the 
same store stands on a 
whar^ where ships come 
up to its side, and goods 
are to be removed from the 
vessels into the upper sto- 
ries. Instead of removing 
the goods into the store, and hoisting them in the direction of 
A, it is only necessary to carry the rope B, over the pulley C, 
which is at the end of a strong beam projecting out from the . 
side of the store, and then the goods will be raised in the direc- 
tion of B, thns saving the labor of moving them twice. 

The wheel and axle, under different forms, is applied to a 
variety of common purposes. 

340. The capstan, in universal 
use, on board of ships, is an axle 
placed upright, with a bead, or 
drum, A, Piff. 66, pierced with 
holes for the levers B, G, D. The 
weight is drawn by the rope, E, 
passing two or three times round 
the axle to prevent its slipping. 

341. This is a very powerful 
and convenient machine. When 
not in use, the levers are taken out 
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of tbeir places and laid aside, and when great 
two or tnree men can post »t eaoli lever. 

342. Windlass.— The 
common windhM for 
drawing water ia another 
modification of llie wheel 
and axle. The leme/t, 
or crank, by whiuh it is 
turned, ia moved around 
by the hand, and there 
is no difference in the 
principle, whether a 
whole wheel ia turned, 

or a single spoke. The ' Windnut. ' 

wincb, therefore, an- 

Bwera to the whet^l, while the rope ia taken up, and the weighl 

raised by the aslc, as already described. 

In eases where great weights are to be raised, and it k 
required that the machine should he as small as possible, on 
account of room, the simple wheel and axle, modified as repre' 
sented by Fig. 67, is sometimes used. 

343. The axle may be considered in two parts, one of whiet 
is lai^r than the other. T!je rope is attached by its two ends, 
to the ends of the axle, as seen in the figure. The weight tc 
be raised is attached to a small pulley, around which the rope 
passes. The elevation of the weight may be thus described 
Upon turning the axle, die rope is coiled around the larger part 
and, at the same time, it is tbrown off the smaller part. Al 
every revolution, therefore, a portion of the rope will be drawr 
up, equal to the drcamference of the thicker part, and at th< 
same time a portion, equal to that of the thinner part, will be 
let down. On the whole, then, one revolution of the machine 
will shorten the rope where the weight is suspended, just ve 
much as the difiTerence is between the circumference of Uie twc 

344, Ulustralion. — Now to understand the principle on whicb 
this machine acts; we must refer to Fiff. 68, where it is obvioOT 
that the two parts of the rope, A and B, equally support the 
weight D, and that the rope, as the machine turns, passes from 
the sinaL part of the axle E to the large part H, consequenUy, 
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ihe weight does not rise in a perpendicular no. ea 

lice toward C, the center of both, but in a 
line between the outsides of the large and 
small parts. 

845. Let us consider what would be the 
consequence of changing the rope A to the 
larger part of the axle, so as to place the 
weight in a line perpendicular to the axis of 
motion. In this case, it is obvious that the 
machine would be in equilibrium, since the 
weight D would be divided between the two 
sides equally, and the two arms of the lever 
passing through the center C, would be of 
equal length, and therefore no advantage 
would be gained. 

346. But in the actual arrangement, the weight being sus- 
tained equally by the large and small parts, there is involved a 
lever power, the long arm of which is equal to half the diameter 
of the large part, while the short arm is equal to half the diam- 
eter of the small part, the fulcrum being between them. 

A Varying Power, producing a Constant Force, — If a 
power, varying under any given conditions, be required to over- 
come a resistance which varies according to some other given 
conditions, the one may be accommodated to the other by pro- 
ducing a variation in the leverage, by which one or both acts. 

347. This is done in the 
mechanism of the watch, o^ 
which A, Fig, 69, is the bar- 
rel containing the power in 
the form of a convoluted 
spring, and B Hh^fuse^ which 
acts as a varjdng lever, and 
through which motion is 
conveyed to the hands of the 
watch. 

348. Now when the watch is first wound up, the main-spring 
within the barrel is closely coiled, and of course acts with much 
more power than afterward, when it is partly unrolled ; hence, 
were no means used to equalize this power, every watch woidd 



FIG. 69. 
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845. Suppose the cylinder was, throughout, of the same size, what would be thi 
consequence 1 346. On what principle does this machine act 1 Which are the Ion 
jnd short arms of the lever, and where is the fulcrum? 347. What is the main 
JEP^Sfof a watch? 348. Where is it contained? What is the fusee of a watch I 
*vjmi u its form 7 When doea the mainspring act with mosl fotce'\ 



ran two or three times ss iast, when fint vowid up, h 
afterward. 

849. We ehall see that the fusee is s complete remedy for 
the varying action of the main-spring. Ite form ia a low cone, 
with its surlace cut into a spiral groove, to receive llie chain, 
which runs round the barrel. Now when the watch is wound 
Qp, by applying the key to the axis of the fiisee at 0, tbe main- 
apring, one end of which ia attached to the diameter of tbi) 
barrel, and the other to its axis, is closely coiled ; but as the ac- 
tion begins on the smallest part of the fusee, the leverage is 
short, and the power weak ; but aa the fusee turns, and the 
spring uncoils, the leverage increases in proportion as lie strength 
of the spring becomes weaker, and thus the two forces mutually 
equalize each other, and the walch runs at the same ntt« until 
the chain which connects them has run from the balrel to the 
ta^e, when it again requires winding, and the same process 
begins agun. 

350. Sybtbu or Wheels. — As the wheel and axle is only a 
modification of the simple lever, so a system of wheels acting on 
each other, atul transmitting the power to the resistance, is only 
another form of the eompourtd lever. 

351. Such a combina- 
tion is shovm In Mg. 70. _ "**■ "• 
The first wheel. A, by 
means of the teeth, or cogs, 
around its axle, moves the 
second wheel, 6, with a 
force equal to that of a 
lever, the long arm of 
wbicik extends from the 
center to the circumference 
of the wheel, where the 
power P IB suspended, and 
the short arm from the 
same center to the ends of 
the cogs. The dotted line 
C, passing through the cen- 
ter of the wheel A, shows the position of the lever, as the wheel 
now stands. The center on which the wheel and axle tuns, is 
the fulcrum of this lever. As the wheel turns, the shortarm 

Xl. Hoi>ila«tt1»liu»«iiutizeihisfeKel Ejplaia bawthelorenoflhiiBprlnf 
•nd taatt mulMllT equiliie «ch oUiht. 350. On whit prlnclpl* dow » njmem oi 
■heola Kt, Htq,ie»mled ID Fig. 101 351. Einlilii t4-T). KB* *«^ ^*^ ^* 
... n 1. ._.,^&»^ jj, tbt ictlon •tlCTtrtl 




of thia lev*f will act upon the long arm of the next lever 1y 
means of the l^eth on the circumference of the wheel B, and llu 
again through tlie teetli on the axle of B, will traDBiuit its force 
to the circumference of the wheel D, and so by the short mib 
of the third lever to the weight W, As the power or BmaU 
weight falls, therefore, the resiatancB W, is raised, with the nrel- 
tiplied force of three levers acting on each other. 

362. In respect to the force to be gained by such a jnadunc, 
suppose the number of teeth on the axle of the wheel A to 1m 
six times less than the number of those on the circumference of 
the wheel B, then B would only turn round once, while A tttrai 
six times. And, in like manner, if the number of teeth on &t 
circumference of D, be six times greater than those on tlie axle 
of B, then D would turn once, while B is turned six times. Thm 
wx revolutions of A would make B revolve once, and mx revok- 
tjona of B would make D revolve once. Therefore, A makea 
thirty-six revolutions while D makes only one. 

353. The diameter of the wheel A, being three times tie 
diameter of the axle of the wheel D, and its velodty of molioii 
being 36 to 1, 3 times 36 .will ^v8 the weight which a, power 
of 1 pound at P would raise at W. Thus 38 X3^108. One 
pound at P would therefore balance 108 pounds at W. 

354. No Machine Cheates Forck. — If the student hat 
attended closely to what has been said on meehanica, he will 
now be prepared to understand, that no machine, however 
simple or complex, can create the least degree of force. It ia 
true, that one man with a machine may apply a force which a 
hundred could not exert with their Lands, but then it would 
take bim a hundred times as long. 

365. Suppose there are 20 blocks of stone to be moved a 
hundred feet; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will au]ipose, may move them all at once, but this man, witll 
his lever, would ha\'e to make one revolution for every foot ha 
drew tlic whole load toward him, and therefore to make one 
hundred revolutions to perform the whole work. It will also 
take him twenty times as long to do it, as it took the twentr 
men. His task, indeed, would be more than twenty timm 
harder than that performed by the twenty men, for, in addition 
to moving the stone, he would have the friction of the machinery 







b> orercome, which commonly amounts to nearly one third ol 
the force employed. 

366. Hence there would be an actual loss of power by tho 
use tf the capstan, though it might be a convenience for the 
one man to do his work by its means, rather than to call in 
nineteen of his neighbors to assist him. 

357. Any power by which a machine is moved, must bo 
equal to the resistance to be overcome, and, in all cases where 
the power descends, there will be a proportion between tha 
velocity with which it moves downward, and the velocity with 
which the weight moves upward. 

3fi8. There will be no difference in this respect, wheinor tlie 
machine be simple or compoimd, for if its force be increased by 
increasing the number of levers, or wheels, the velocity of the 
moving power must also be increased, as that of the resistance 

diminished. 

369. There being, then, always a proportion between the 
„, ilocity with which the moving force descends, and that with 
'which the weight ascends, whatever this proportion may be, it 
is necessary that the power should have to the resistance the 
same ratio that the velocity of the resbtance has to the velocity 
of the power. In other words, " The power multiplied hy the 
apace through which it moves, in a vertical dtreetion, must be 
equal to Ike weight WMliiplied by the space through which it 
moveg in a vertical direetioa." 

This law is known under FiQ- n. 

the name of " the law 
virtual velocities," and is con- 
wdered the goldt 
mechanics. 

300. Thisprindpli 
ready been explained, 
treating of the lever, ( 
but that the student should 
want nothing to assist him in 
clearly comprehending so im- 
portant a law, we will again 
illustrate it in a different 
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Suppose the lever. Fig, 71, to be thirty incheB long from the 
fulcrum to the point where iJie power, P, is suspended, and 
that the weight, W, is two inches from the fulcrum. If the 
power be 1 pound, the weight must be 15 pounds, to produce 
equilibrium, and the power, P, must fall thirty inches to raise 
the weight, W, two inches. Therefore, the power being 1 
pound, and the space ^0 inches, 30x1= 30. The weight being 
15 pounds, and the space 2 inches, 15x2=30. 

Thus, the power multiplied by the space through which it 
&lls, and the weight multiplied by the space through which 
it rises, are equal. 

361. However complex the machine may be, by which the 
force of a descending power is transmitted to the weight to be 
raised, the same rule will apply as it does to the action of the 
simple lever. 

TBI PULLET. 

362. A pulley consists of a wked which is grooved on the 
edge, and which is made to turn on its axiSj hy a cord passing 
over it, 

363. Simple Pulley.— Fig,l2yTepre' ^no.7a. 
sents a simple pulley, with a single fixed 
wheel. In other forms of the machine, 
the wheel moves up and down with the 
weight. 

364. The pulley is arranged among 
the simple mechanical powere ; but when 
several are connected, the machine is 
called a system of pulleys, or a com- 
pound pulley, 

365. One of the most obvious advan- simiu PuOey, 
ttiges, of the pulley is, its enabling men 

to exert their own power in places where they can not go them- 
selves. Tims, by means of a rope and wheel, a man can stand 
on the dock of a ship, and hoist a weight to the topmast. 

366. By means of two fixed pulleys, a weight may be raised 
upward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that the 
rope is drawn horizontally. 

961. What is said of the application of this rule to complex machines 1 962. What 
If a pulley 1 363. What is a simple pulley 1 364. What is a system of pulleys, or a 
eompound pulley 1 366. What is the most obvious advantage of t^" pulley 1 366 
Bow must two fixed pulleys be placed to raise a weight vertically as fiur as tbt 
power goeM horizontally 1 





Ftg. Is, represents two fised 
pulleys, as tliey are arranged for 
such a purpose. In the orection 
of a ]oftj edifice, anppoae the up- 
per pulley to be suspended to 
eome part of the huildjog ; then 
a hotse pulling at the rope, A, 
would raise the weight, W, ver- 
tically, as far as he went hori- 
zontally. 

367. In the uae of tlie wheel 
of the pulley, there is no mechan- 
ical advantage, except that which 
arises from removing the friction, 
and diminishing the imperfect fiexihility of the rope. 

In the mechanical efiecta of this machine, the reeolt vould 
be the same did it slide on a smooth Burfitce witli the same 
ease that its motion makes the wheel revolve. 

368. The action of the pnlley is on a dif- Fifl. 74. 
ferent prindple irota that of the wheel and 
axle. A system of wheels, as already ex- 
plained, acts on the same prindple as the 
compound lever. But the mechanical effica- 
cy of a system of pulleys is derived entirely 
from the dividon m the weight among the 
strings employed in suspending it 

369. In the use of the single fixed pul- 
ley, there can be no mechanical advan- 
tage, since the weight rises as fast as the 
power descends. This is obvious by Fig. 
74, where it is also apparent that the power 
and weight must be equal, to balance each 
other, as already shown. 

In the single movable pulley, Fig. 74, the 
same rope passes from the fixed point. A, to 
the power, P. It is evident here, that the weight is supported 
eqnulT by the two parts of the string between which it hangs. 
Therefore, if we cjdl the weight, W, ten pounds, five pounds 
will be supported by one string, and five by the other. The 
power, then, will support twice its own weight ; so that a per* 

XI. Wlut !■ 1I» ndTUitige o( Ihe wheel ot (he pallet 1 3(& How doea the utLom 
of the pnite* dlAr from tlMtafttae wheal ud ulsl SN. Ii ihera anj mMtaulea. 
Htnntlf* In tlia ajl puUe; t Wbilv^hl B(P,n|. 74, nlU balanc* tiBfauiiita 
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370. In the single fixed pnlley, Uie weight and pow^ an 
equal, and, ooniequentlj, the weight rises as fast as the power 
descends. 

With such a pulley, a man may raise himself up to the mast- 
head by his own weight Suppose a rope ia thrown over a 
pulley, and a man ties one end of it round his body, and takea 
the other end in his bands ; he may raise himself up, because, 
by pulling with his hands, he has tte power of throwing moie 
of his weight on that side than on the other, and when he does 
this, his body will rise. Thus, although the power and the 
weight are the same individual, still the man can change his 
center of gravity so as to make the power greater than the 
weight, OT the weight greater than the power, and thus can 
elevate one half of his weight in snccessioni 



3?6. In all the pulleys we have described, 
there is a great defect, in consequence of 4ie 
different veloddes at which the several wheels 
turn, and the consequent friction to which 
some of them are subjected. 

37T. It has been an object among mechan- 
ical philosophers, to remedy this defect h^ 
inventing a system of pulleys, the wheels of 
which should all revolve on thdr axles in the 
same time, each making the same number of 
revolutions, notwithstanding the different 
- lengths of rope passing over them, and thus 
avoid a defect commoa to those in use. 

3l8. This object seems to have been fully 
attained by Mr. James White, whose inven- 
tion is represented by Fig. 77, and which wiU 
be imderstood by the following description. 
In order that the successive wheels should re- 
volve in the same time, and their circumfer- 
ences should be just equal to the length of 
rope passing over ^em, Mr, White made 
them all of different diameters. By this con- 
struction, althoDgh the length of rope passing 
over each was different, yet thar revolutions 
are equal, both with respect to time and num- 
W. 

Br this arrangement all the friction is ■ 
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avoided, except that of a pivot at each end, and the lateral fric- 
tion 0/ a single wheel. A single rope sustains the whole, and as 
in other systems, the weight is as many times the power as there 
are ropes sustaining the lower hlock. Thisi is considered the 
most perfect system of pullejB yet invented. 

THB INCLINED PLANS. 

379. This powBTj the most simple of all machines, consists of 
tt hard, smooth plane, inclined to the horizon in varioits decrees. 

It is the fourth me- 
chanical power, and is ^®- 78. 
represented by Fig, 78, 
where from A to B is 
the inclined plane ; the 
hne from D to A, is its 
height, and that from 
B to D, its base. 

A board with one end 
on the ground, and the other resting on a block, becomes an 
inclined plane. 

380. This machine being both useful and easily constructed, 
is in very general use, especially where heavy bodies are to be 
raised only to a small height. Thus a man, by means of an 
inclined plane, which he can readily construct with a board, or 
couple of bars, can raise a load into his wagon, which ten men 
could not lift with their hands. 

381. 2%e power required to force a given weight up an in- 
clined plane, is in proportion to its height, and the length of its 
base, or, in other words, the force must be in proportion to the 
rapidity of its inclination, 

382. The power, P, 
Mg. 79, pulling a weight 
up the inclined pl^e, 
from C to D, only raises 
it in an oblique Section 
from E to D, by acting 
along the whole length 
ci ti^e plane. If the 



FIG. 79. 
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375. How may a man raise himself up by means of a rope and single fixed pulley 1 
176. What is a great defect in the common pulley 1 377. In what manner is it said 
that the defect with respect to friction might be remedied ? 37a Describe White's 
pulley, and show how the defects in other pulleys are remedied by this. 379. What 
Is an ioclinad plane 1 380. On what occasions is this power chiefly used 7 Suppose 
a man wants to put a barrel of cider into his wacon, how does he make an inc ined 
^lane for this purpose 
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plane be twice as long as it is high, that is, if the line from 
to D be double the length of that from E to D, then one pound 
at P will balance two pounds any where between D and C. It 
is evident, by a glance at this figure, that were the base length- 
ened, the height from E to D being the same, a less power 
at P would balance an equal weight any where on the inclined 
plane ; and so, on the contrary, were tiie base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

383. Suppose two in- 
clined planes, Mg, 80, 
of the same height, with 
bases of different lengths; 
then the weight and 
power will be to each 
other as the length of 
the planes. If the length 

from A to B is two feet, and that from B to C one foot, theft 
two pounds at D will balance four pounds at W, and so in this 
proportion, whether the planes be longer or shorter. 

384. The same principle, witt respect to the virtual velod- 
ties of the weight and power, applies to the inclined plane, in 
common with the other mechanical powers. 

Suppose the inclin- 
ed plane. Fig, 81, to PIO. 8L 
be two feet from A to 
B, and one foot from 
C to B, then, as we 
have already seen by 
Mg, 79, a power of 
one pound at P, would 
balance a weight of 
two pounds at W. 
Now, in the fall of the 
power to draw up the 
weight, it is obvious 
that its vertical (k- 
scent must be just wice the vertical ascent of the weight; for 




Indined Plant. 



381. To roll a given weight up an inclined plane, to what must the force be pro* 
portioned 1 382. Explain Fig. 79. 383. If the length of the long plane, Fig. 80^ be 
double that of the short one, what must be the proportion between the power and 
(he weight 1 384. What is said of the application of the law of virtual velocities to 
the inchned plane 1 Explain Fig. 81, and show why the power must fall twice as ftr 
«« the weight rises. 
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^ {he power must fall down the distance from A to B, to draw 
^ wei ght that distance ; but the vertical height to which the 
weight W is raised, is only from C to B. Thus the power, be- 
ing two pounds, must fall two feet, to raise the weight, four 
pounds, one foot ; and thus the power and weight, multiplied 
by their several velocities, are equal. 

Wlien the power of an indiued plane is considered as a ma- 
chine, it must therefore be estimated by the proportion which 
the length bears to the height ; the power liing increased in 
proportion as the elevation of the plane is diminished, 

886. Application to Roads. — Hilly roads may be regarded 
as inclined planes, and loads drawn upon them in carriages, 
considered in reference to the powers which draw them, are 
subject to all the conditions which we have stated, with respect 
to inclined planes. 

The power required to draw a load up a hill, is in proportion 
to the elevation of the inclined plane. On a road perfectly 
horizontal, if the power is sufficient to overcome the friction, 
and the resistance of the atmosphere, the carriage will move. 
But if the road rise one foot in fifteen, besides these impedi- 
ments, the moving power will have to lift one fifteenth part of 
the load. 

386. Now, where is there a section of country in which the 
traveler is not vexed with roads, passing straight over hills, 
when precisely the same distance would carry him around them 
on a level plane ? To use a homely, but very pertinent illustra- 
tion, " the bale of a pot is no longer, when it lies down, than 
when it stands up.** Had this simple fact been noticed, and its 
practical bearing carried into effect by road makers, many a 
high hill would have been shunned for a circuit around its base, 
and many a poor horse, could he speak, would thank the wis- 
dom of such a decision. 

THE WEDGl£. 

887. 5r%c next simple mechanical power is the wedge. This 
instrument may he considered as two inclined planes, ph/ied 
bcue to base. 

It is much employed for the purpose of splitting or dividing 
solid bodies, such as wood and stone. 

886. How do the principles of the Inclined plane fipplf to roads ? 386. What i& 
nid about the bale of a pot, as applied to road making 1 387. On what i rinciple 
• doM the wedge act 1 In what case is this powernsefoll 



388. Fig. 82 repreeente Buch a vedge at is 
uanally employed in cleaving timber. Thk in- 
atmnieiit ia also used in raiaiog shipa, and pre- 
paring them to launch, and for a vanetj of other 
purpoeea. Nails, avis, needles, and many cut- 
ting instniments, act, more or less, on the prin- 
ciple of this madiine. 

369. There ia much difficulty in eeljmatihg 
the power of the wedge, Bince uiis depends on 
the force, or the number of blows given it, to- 
gether with the ohhquity of its aides. A wedge 
of great ohhquity would require hard blows to 
drive it forward, for the same reason that a 
plane, much iucHned, requires much force to roll 
a heavy body up it. But were the obliquity of 
the wedge, and the force of each blow given, still it would be 
difficult to ascertain the exact power of the wedge in ordinary 
caaes, for, in the sphtting of timber and stone, for instance, tlie 
divided parts act as levers, and thus greatly increase the power 
of the wedge. Thus, in a log of wood, sis feet lon^, when apht 
one half of its length, the other half is divided with ease, be- 
cause the two parts act as levers, the lengths of whj^ con- 
stantly increase, aa the cleft extends from the wedge. 



390. The screw is the sixth and last simple mechanieai power. 
It may be considered-as a modification of the inclined plane, or 
at a mnditiff wedge. 

391. It is an inclined plane run- no. a . 
ning spirally round a spindle, as will 
be seen by Fig. 83. Suppose a to 
be a piece of paper, cut into the form 
of an inchncd plane and rolled round 
the pioce of wood d ; its edge would 
form the spiral line, called the thread 
of the screw. If the finger be placed 
between the two threads of a screw, willing Widgt. 
and the screw bo turned round once, 

the finger will be raised upward equal to the distance of tie two 
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_ I apart. In this maimer, the finger is nuaed up tha 

inclined plane, aa it runs round the cylinder. 

The power of the screw is transmitted and emplojed by 
means of another screw called the nut, tlmnigh which , t ]>assea. 
This has a spiral groove running through it, which exactly tlu 
tiie thread of the screw. 

If tlie nut ia fixed, the screw itself, on turning it rounJ, ad- 
^iiTices forward ; but if the screw ia fixed, the nut, when turned, 
. «il7ancea along the screw. 

892. Fig. 84 representa the first kind of screw, being such 
IB is commonly used iu pressing paper, and other subsfances. 
"lo nut, N, through which the screw passes, answers also i<x 

lB of the beams of the press. If the screw be turned to t^^. a 
bht, it will adrasce downward, while the out stands stilL 




A screw of the second kind is represented by Fig. 8S. 
hi this, the screw is fixed, while the nut, N, by being turned by 
the lever, L, from -ight to left, will advance down the screw. 

304. In practice, 'ie screw ia never used as a simple me- 
chanical machine ; tlie power being always apphed by moans 
of n lever, passing 'itough the head of the screw, as in Fig. 
81, or into the nut, bA in Fig. So. 

395. PowBK oi THE Screw. — The screw acts with Ike cotitr 
Htied poiner of the i7u:iined plane and the lever, and its force it 



393. Eipllin FIe 
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iuch as to be limited only by the strength of the materials of 
which it is mxule. 

In investigating the effects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, so 
that the screw now becomes really a compound engine. 

396. In the inclined plane, we have already seen, that the 
less it is inclined, the more easy is the ascent up it In apply- 
ing the same, principle to the screw, it is obvious, that the 
greater the distance of the threads from each other, the more 
rapid the inclination, and consequently, the greater must bo 
the power to turn it, under a given weight On the contrary, 
if the thread inclines but slightly, it will turn with less power, 
fo; the same reason that a man can roll a heavy weight up a 
plane but little inclined. Therefore, the finer the screw, or the 
nearer the threads to each other, the greater will be the pres- 
sure under a given power. ' 

397. Let us suppose two scre^vs, the one having the threads 
one inch apart, and the other half an inch apart; then the 
force which the first screw will give with the same power at the 
lever, will be only half that given by the second. The second 
screw must be tmned twice as many times round as the first, to 
go through the same space ; but what is lost in velocity is gained 
in power. At the lever of the first, two men would raise a 
given weight to a given height, by making one revolution ; 
while at the lever of the second, one man would raise the same 
weight to the same height, by making two revolutions. 

398. It is apparent that the length of the incUned plane, up 
which a body moves in one revolution, is the circumference of 
the screw, and its height the interval between the threads. 
The proportion of its power would tlierefore h^*"^ as the circum- 
ference of the screw, to the distance between the threads^ so is 
the weight to the power P 

399. By this rule the power of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this, case, 
the circumference described by the end of the lever employed, 
is taken, instead of the circumference of the screw itself The 
means by which the force of the screw may be found, is there- 
fore, by multiplying the circumference which the lever describes 
by the power. 



Why does the nearness of the threads make a difference in the force of the 
■crew 1 397. Sappose one screw, with its threads one inch apart, and another hi^lf 
in inch aMrt, what will he their difference in force 7 396. mat is the leDgth of .^m 
■Mllncd plane, *ip whieh a body moves by one revolution of the screw ) 
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400. Thus, " the power multiplied by the ctrcumfsrence which 
describes, is equal to the weight or resistance, multiplied by t 
distance between the two contiguous threads^ Hence t] 
eflScacy of the screw may be increased, by increasing the lengl 
of the lever, or by diminishing the distance between the thread 
I^ then, we know the length of the lever, the distance betwec 
the threads, and the weight to be raised, we can readily calci 
late the power ; or, the power being given, and the distance < 
the threads and the length of the lever known, we can estima 
the weight the screw will raise. 

401. Thus, suppose the length of the lever to be forty inch€ 
the distance of tlie threads one inch, and the weight 80C 
pounds ; required, the power, at the end of the lever, to rail 
the weight. 

The lever being 40 inches, the diameter of the circle, whi( 
the end describes, is 80 inches. The circumference is a litt 
more than three times the diameter, but we will call it ju 
three times. Then, 80x3=240 inches, the circumference i 
the circle. The distance of the threads is 1 inch, and the weigl 
8000 pounds. To find the power, multiply the weight by tl 
distance of the threads, and divide by the circumference of tl 
circle. Thus, 

Circam. In. VITeight. Power. 

240 • 1 : : 8000 : 33i 

Tne power at the end of the lever must therefore be 38 
pounds. In practice, this power would require to be increase 
about one-third, on account of friction. 

402. Perpetual Screw. — The force of the screw is som 
tim>es employed to turn a wheel, by acting on its teeth. In th 
case it is called the perpetual screw. ^ 

403. Fig. 86 represents such a machine. It is apparen 
that by turning the crank C, the wheel will revolve, for tl 
thread of the screw passes between the cogs of the wheel. E 
means of an axle, through the center of this wheel, like tl 
common wheel and axle, this becomes an exceedingly powerf 
machine, but like all other contrivances for obtaining grei 
power, its effective motion is exceedingly slow. It has, ho^" 
ever^some disadvantages, and particularly the great friction b 



400. How te the force of the screw estimated 1 How may tho efficacy of the acre 
kt locreaMd? 401. The length of the lever, the di8tiy;ice between the Uireadfi, ai 
Itie weight being known, how can the power be found 1 Give an ezaniple. 4[ 
What la the aerew called when it ia employed to turn a wheel 1 408. Explain F 
8S. What !• the obieetion to this machine for raialim; ^e\%>a^U') 
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tween the tiiread of the screw and 
^0 teetli of ihe wheel, which pre- 
nmts it ttora being generally em- 
ployed to raise weights. 

404. All tbbsb Mbchanigal 

POWXRS REBOLVBD INTO TBRBE. 

We have now enumerated and de- 
scribed all the mechanical powets 
nauaDy denominated simple. They 
Me six in number, namely, the 
Lever, Wheel and Axle, Pulley, ,_,_,___^^j_ 
Wedge,Inc]iQedPlane,andSi?rew. scme and muL 

405. Id reapect to the principles 
on which they act, they may be resolved into three simpla 
powers, namely, the lever, the inclined plane, and the pulley ; 
for it has been shown that the wheel and axle is only another 
form of the lever, and that the screw is but a modification of 
the inclined plane. 

It is surprising, indeed, that these simple powers can be so 
arranged and modified, as to produce the different actions in all 
that vast variety of intricate machinery wluch men have in- 
vented and constructed. 

406. Card Machinb. — ^The variety of motions we witness in 
the little engine which makes cards, by being supplied with 
wire for the teeth, and strips of leather to stick th^ through, 
would itself seem to involve more mechanical powers than those 
enumerated. This engine takes the wire from a reel; bends it 
into the form of teeth; cnta it off; maltea two holes in the 
leatherfoT the tooth to pass through; sticks it through; then^vea 
it another bend on the opposite side of the leather ; graduates 
the spaces between the rows of teeth, and between one tooth 
and another; and, at the same time, carries the leather back- 
ward and forward, before the point where the teeth are intro- 
duced, with a motion so exactly corresponding with the motions 
of the parts which make and slick the teeth, as not to produce 
Uie difference of a hair's breadth in the distance between them. 

Alt this is done without the aid of human hands, any fiirther 
than to put the leather in ite place, and turn a crank; or, in 
some instances, many of these machines are turned at onoe, by 
means of three or four dogs, walking on an inclined plane whioi 



re there, and Hhat are I)ieTe«Il«dT 
spoweni 406. Whu ii nM of tte 



407. Such a machme displays the wocdcrfiil ingenuity and 
perseverance of man, and at first sight would aecni to set at 
naught the idea that the lever and wheel are the chief simple 
powers concerned in its motions. But when tiese motions are 
examined singly and dehherately, we are soon convinced that 
the wheel vanonsly modified, is the principal mechanical power 
in the whole engine. 

408. UsB OP Machinbrt. — It has already been stated, (354,) 
that notwithstanding the vast deal of time and ingenuity which 
men have spent on the constmctiou of machmery, and in 
attempting to multiply their powers, there has, as yet, been 
none produced, in which the power waa not obtained at the 
expense of velocity, or velocity at the expense of power; and, 
therefore, no actual force is ever generated by machinery. 

Wten men employ the natural elements as a power to over- 
come resistance by means of machinery, there is a vast saving 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 

409. Five Mechanical Powers in one Machine. — An engineer, 
it is said, for the purpose of drawing a ship out of the water to 
be repaired, combined the mechanical powers rej^resented by 
Fig. 87, and perhaps no machine ever constructed gives greater 
force with so small a power. 




It involves the lever A, wheel and axle B, the pulley 0, i 
Inclined plane D, and the screw E. 



■rf by machinery 1 Wlial li Bid of oni[ildylni llM 
409. Whalnrcli.ca»e mcch.nlcal powers emplgfeil 
ul tht place of Eacb "Dwer. 



lOS 'ftTBHOSTAtlOS. 

To estimate the force of this engine, it is necessary to know 
the length of the lever, diameter of the wheel, &c 

Suppose then, the sizes of the different powers are as fol* 
lows, viz. : — 

Length of the lever A, 18 inches. 

Distance of the thread E, 1 inch. 

Diameter of the wheel B, 4 feet 

Diameter of the axle, 1 foot. 

Pulleys C and D, D fixed, 4 strings. 

Height of the plane D, one-half its length, . . 2 feet. 

Suppose the man turns the lever A, with the power equal to 
100 pounds, the force on the ship would thus be found, for the 
different laws and rules referring to each mechanical power. 

1. One hundred pounds on the lever A, would be- 
come a force by means of the screw on the wheel Pounds. 
Bof 11,309.76 

2. Diameter of wheel four times that of the axle, . 4 

45,239.04 
8. The number of pulley strings, 4 

180,956.16 
4. Ileight o&the inclined plane half its lenth, . . 2 

361,912.32 

The force on the ship therefore would be equal to 861,912 
pounds, or about 161 tons. 



CHAPTER V. 

HYDROSTATICS. 



410. Hydrostatics is the science which treats of the tmght^ 
pressure^ and equilibrium of water, or other fluids, when in a 
state of rest, 

411. Hydraulics is that part of the science of fluids which 
treats of water in motion, and the means of raising and con- 
ducting it in pipes, or otherwise, for all sorts of purposes. 

409. What must be known to estimate the power of this machine 1 What is th* 
r«»» ■•> on the ship 1 410. What is hydrostatics 1 411. How does hydrauUM 
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The subject of water at rest, will first claim investigation, 
since the laws which regulate its motion will be best understoo<l 
by first comprehending those which regulate its pressure. 

^12, A fluid is a substance whose particles are easily moved 
among each other, as air and water, 

413. llie air is called an elastic fluid, because it is easily 
compressed into a smaller bulk, and returns again to its original 
state when the pressure is removed. Water is called a non- 
elastic fluid, because it admits of little diminution of bulk under 
pressure. 

414. The non-elastic fluids are perhaps more properly called 
liquids, but both terms are employed to signify water and othei 
bodies possessing its mechanical properties. The term fluid^ 
when applied to the air, has the word elastic before it 

415. One of the most obvious properties of fluids, is the 
facility with which they yield to the impressions of other bodies, 
and the rapidity with which they recover their former state, 
when the pressure is removed. The cause of this, is the free- 
dom with which their particles slide over, or among each other ; 
their cohesive attraction being so slight as to be overcome by 
the least impression. On this want of cohesion among their 
particles seems to depend the peculiar mechanical properties of 
these bodies. - * 

416. In solids, there is such a connection between the parti- 
cles, that if one part moves, the other part must move also. 
But in fluids, one portion of the mass may be in motion, while 
the other is at rest. In solids, the pressure is always downward, 
or toward the center of the earth's gravity ; but in fluids, tho 
particles seem to act on each other as wedges, and hence, when 
confined, the pressure is sideways, and even upward, as well as 
downward. 

417. Elasticity of Water, — ^Water has commonly been called 
a non-elastic substance, but it is found that imder great pressure 
its volimie is slightly diminished, and hence it is proved to be 
elastic The most decisive experiments on this subject were 
made many years ago by Mr. Perkins. 

418. These experiments were made by means of a hollow 
cylinder, Fig. 88, which was closed at the bottom, and made 
water-tight at the top, by a cap, screwed on. Through this 

412. What is a fluid 1 413 What Is an elastic fluid ? Why i« air called an elastic 
fluid 1 414. What substances are called liquids ? 415. What is one of the most ob- 
vious properties of liquids ? 416. On what do the peculiar mechanical properties of 
fluids depend 1 In what respect does the pressure of a fluid differ from that of fi 
solid 1 417. Is water an elastic, or a non-elastic fluid 1 41& DeacrllM Fif* »« and 
■how how water was found to be elastic. 
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cap, at A, passed the rod B, which was five-sixteenths no. sa 

oi an inch in diameter. The rod was so nicely fitted 

to the cap, as also to be water-tight. Around the 

rod at C, there was placed a flexible ring, which could 

be easily pushed up or down, but fitted so closely as 

to remain on any part where it was placed. 

A cannon of sufficient size to receive this cylinder, 
which was three inches in diameter, was furnished 
with a strong cap and forcing pump, and set verti- 
cally into the ground. The cannon and cylinder 
were next filled with water, and the cylinder, with 
its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. 
The water in the cannon was then subjected to an 
immense pressure by means of the forcing pump, jS^Si 
after whicn, on examination of the apparatus, it was 
found that the ring 0, instead of being where it was placed, wm 
eight inches up the rod. The water in the cylinder being cobu- 
pressed into a smaller space, by the pressure of that in the cm- 
non, the rod was driven in, while under pressure, but was forced 
out again by the expansion of the water, when the pressure 
was removed. Thus, the ring on the rod would indicate the 
distance to which it had been forced in, during the greatest 
pressure. 

419. This experiment proved that water, under the pressure 
of one thousand atmospheres, that is, the weight of 15,000 
pounds to the square inch, was reduced in bulk about one part 
m24. 

So slight a degree of elasticity under such immense pressure, 
is not appreciable under ordinary circumstance, and therefbre 
in practice, or in common experiments on this fluid, water is 
considered as non-elastic 

EQUAL PRE8BURE OF WATER. 

420. ThepartkUa of water ^ and other fluids^ when confined^ 
press on the vessel which conjfines them, in all directions^ both 
upward, doumward, and sideways. 

From this property of fluids, together with their weight, yerj 
unexpected and surprising efiects are produced. 

The effect of this property, which we shall first examine, m, 

419. In what proportion does the bulk of water diminish under a pressure of 15,000 
pounds to the square inch 1 In common experiments, is water considered elastic 
ir anii-flaatie 1 420. When water is confined, in what directioa does it press 1 
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that a qaantity of water, however small, will balance another 
quantitj, however lai^. Such a propoeitioQ at first thought 
might seem very improbable. But on examination, we shall 
find that an experiment with a very simple apparatus will con- 
vince any one of its truth. Indeed, we every Aaj see this prin- 
dple established by actual experiment, as will be seen directly 

421. Fiff. 89, represents a common 
cofiee-pot, supposed to be filled up to the 
dotted line A, with a decoction of coffee, 
or any other liquid. The coffee, we know, 
stands exactly at the same height, both in 
the body of the pot, and in its spout. 
Therefore, the small quantity in the spmit, 
balances the large quantity in the pot, or 
preaaee teil/i the same force downinard, as cogit-PM. 
that in the body of the pot presses up- 
ward. This is obviously true, otiierwise, the largo quantity 
would sink below the dotted line, while that in the spout would 
rise above it, and run over. 

422. The same principle is more strik- no. 90l 
ingly illustrated by Mg. 90. O 

Suppose the cistern A to be capable of 
holding one hundred gallons, and into its 
bottom there be fitted the tube B, bent, 
as seen in the figure, and capable of con- 
taining one gallon. The top of the ds- 
tern, and that of the tube, being open, 
pour water into the tube at C, and it will 
rise up through the perpendicular bend 
into the cistern, and if the process be con- 
tinned, the datern will be filled by pour- 
ing water into the tube. Now it is pl^n, 
that the gallon of water in the tube presses agwnst the hnn 
dred gallons in the dstem, with a force equal to the pressure of 
the hundred gallons, otherwise, that in the tube would be forced 
upward higher than that in Uie cistern, whereas, we find that 
the surfaces of both stand exactly at the same height. 

423. From these experiments we learn, " that the pressure 
if a fluid it not inproportion to its quantity, but to its height. 
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aful that a large quantity of water in on open vessel, prestei 
with no more force than a small quantity of the same h^gkt.'' 
424. Pressure equal in Vessels of all Sixes and Shapes. — 
The size or shape of a veaacl is of no consequence, for if a num- 
ber of vessels, differing entirely from each other in figure, posi- 
tion, and capacity, have a communication made between them, 
and one be filled with water, the surface of the fluid, in all, will 
be at the same elevadon. I^ therefore, the water stands at an 
equal height in all, the pressure in one must be just equal to 
that in another, and so equal to that in aU the others. 




425. To make this ohvious, suppose a number of vessels, of 
different shapes and si/.es, as represented by Fig. 91, to have a 
communication between them, by means of a small tube, pass- 
ing from the one to the other, 1^ now, one of these vessels be 
filled with water, or if water be poured into the tube A, all the 
other cessels will he filled at the same instant, up to the line 
B C. Therefore, the pressure of the water in A, balances tliat 
in 1, 2, 3, &c., while the pressure in each of these vessels is 
equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

426. If an ounce of water be poured into the tube A, it will 
produce a pressure on the contenU of all the other vessels, equal 
to the pressure of all the others on the tube : for, it will force 
the water in all the other vessels to rise upward to an equal 
height to that in the tube itself. Hence, we must conclude, 
that the pressure in each vessel ia not only equal to that in any 

4W. Whal difTersncf does Ihe sliapt or ala» of »tm«I mslie in rwpcdl lo Ihs pn* 
■anoraHuldanllKbolIom; 4%. faiplain Pu. 9],aiid show how thr equlUbriuni 
Mprodaced. 426. Buppotem ounce of water be poured Inlo Iha lube A, whal win 
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FIG. 92. 



of ihe others, but also that the pressure in any one is equal to 
that in all the others. 

427. From this, we learn that the shape or size of a vessel 
has no influence on the pressure of its liquid contents, but that 
the pressure of water is as its height, whether the quantity be 
great or small. We learn, also, that in no case will the weight 
of a quantity of liquid, however large, force another quantity, 
however small, above the level of its own surface. 

428. Now, by other experiments, it is ascertained, that ihe 
pressure ofalijuid is in proportion to its height, and the area 
of its base. 

Suppose a vessel, ten feet high, and two 
feet in diameter, such as is represented at 
A, Fig, 92, to be filled with water ; there 
would be a certain amount of pressure, at 
C, near the bottom. Let D represent an- 
other vessel, of the same diameter at the 
bottom, but only a foot high, and closed 
at the top. Now if a small tube, the fourth 
of an inch in diameter, be inserted into the 
cover of this vessel, and the tube be car- 
ried to the height of the vessel A, and then 
the vessel and tube be filled with water, 
the pressure on the bottoms and sides of 
both vessels at the same height will be 
equal, and jets of water starting from D 
and C will have exactly the same force, 
and spout to the same distance. 

This might at first seem improbable, but to convince our- 
selves of its truth, we have only to consider, that any impres- 
sion made on one portion of the confined fluid in the vessel D, 
is instantly communicated to the whole mass. Therefore, the 
water in the tube B, presses with the same force on every other 
portion of the water in D, as it does on that small portion over 
which it stands. 

429. Bursting a Cask, — This principle is illustrated in a 
very striking manner, by the experiment, which has often been 
made, of bursting a common wine cask with a few ounces of 
water. 




- 437. What conclusion is to be drawn from pouring the ounce of water into the tuba 
' A 7 What is the reason that a large quantity of water will not force a small quantity 
albbve its own level 1 Is the force of water in proportion to its height, or its qt»a 
tity 1 ASR How is a small quantity of water shown to press equal to «.Iax^ <\^mq«s:5 
I7 Rf . 92 7 429. Explain tne reason why the TessaT^Xa «avc«kXiXT)«^A^^« 
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Suppose Ay Fig* 93, to be such a cask, already na. 98. 

filled with water, and suppose the tube B, fifty 
&et high, to be screwed, water-tight, into its 
head. When water is poured into the tube, 
80 as to fill it gradually, the cask will show in- 
creasing signs of pressure, by emitting the 
water through the pores of the wood, and be- 
tween the joints; and, finally, as the tube is 
filled, the cask will burst asunder. 

430. The same apparatus will serve to illus- 
trate the upward pressure of water ; for,, if a 
small stop-cock be fitted to the upper head, on 
turning this, when the tube is filled, a jet of 
water will spirt up with a force, and to a height, 
that will astonish all who never before saw such 
an expenment 

In theory, the water will spout to the same 
height with that which gives the pressure, but, 
in practice, it is found to fall short in the fol- 
lowing proportions : — 

431. If the tube be twenty feet high, and the orifice for the 
jet half an inch in diameter, the water will spout nearly nine- 
teen feet If the tube be fifty feet high, the jet will rise up- 
ward of forty feet, and if a hundred feet, it will rise above eighty 
feet. It is understood, in every case, that the tubes are to be 
kept full of water. 

The height of these jets shows the astonishing efiects that a 
small quantity of fluid produces when pressing ftom a perpen- 
dicular elevation. 

432. Hydrostatic Paradox. — This paradox, illustrated by 
Mg, 94, consists in experimental proof of the principle already 
insisted on, that water presses according to its height, and not 
to its quantity. Fill a glass jar with water, and balance it on 
the scale-beam F, E, with small weights. Then pour out the 
water, leaving only an inch or two deep, letting the balance 
weights remain. Replacing the jar, which w3l now stand 
higher than before, owing to the loss of water, introduce into 
it, by means of the crane, H, a piece of wood a few lines smaller 
in all directions than the inside of the jar. The wood being 



How is the same principle illustrated by Fig. 93 1 430. How may Fig. 93 be mad« 
toillufitrate the upward pressure of water 1 431. Under the pressure of a column 
of water twenty feet high, what will be the height of the jet 1 Under a pressure of « 
mindred feet, how high will it rise 7 432. What does the hydrostatic paradox show 
Bzplain by the figure how the experiment is made. 




RdjuBtaJ by means of the thumb -.'icrew, so that the wate) 
' made to nse around it exactly to the brim, or as high a* it 
Btooil before any was poured ont, (the wood not toucfing the 
glass,) and it will be found that it will exactly balance the 
weights, as it did when tiill of water, though it now contains 
only a tenth as mnch aa before. 

The result will be the same it, instead of the wood, the same 
bulk of cork or lead be placed in the jar, the only point being, 
that, in each case, the water should rise to the same height. 

The above experiment proves, in a very striking manner, that 
the pressure of water is as its height ; and the reason why it 
^^^ makes no difference in the result whether the body placed in 
^^P the jar be of wood, cork, or lead is, that tte solid merely takes 
^^H the place of the duid, displacing its own bulk, and thus the 
^^H weight remains just as though the water itself had remained in 
^^H the jar. Thus, tha pressure of a tenth part of the water, of 
^^1 equal height, equals the whole. 

^^H 483. Proof bif Mercury. — In addition to the above proofs, 
^^H that a smai], will balance a large quantity of water, we add the 
^^H following, perhaps the most satisfactory of all. 
^^^ Let A, B, 0, Fiff. Q5, represent a glass tube, hanng at A, a 
^^H oollar cemented to the glass, into which vessels of different cu' 
^^V padties and shapes, may be screwed. The tube is first filled 
^^F witb mercury up to the level of the dotted line A C, and tha 
^^r tube G p, fitted in its place. The vessel D, is then screwed 
^H into A, and water is poured in as fiiras A, the baseof the column 
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of water being, as seen, '^^^ *• 

equal to that of the mer- 
cury. The fluid metal 
will rise, by the pressure 
of the water on A, up to 
^ in the small tube. Tlien 
unscrew D, and in its 
place fix the conical ves- 
sel E, and pour in water 
as before, and the same 
result will follow, and so 
with the small tube F; 
in each case, the height 
of the water, notwithstanding the difference in quantity, will 
force the mercury to exactly Qie same elevation. 

434. Hydrostatic Bellows. — ^An instrument called the 
hydrostatic bellows, also shows, in a striking manner, the great 
force of a small quantity of water, pressing in a perpendicular 
direction. 

This instrument consists of two 
boards, connected together with strong 
leather, in the manner of the common 
bellows. It is then fiimished with a 
tube A, Fig, 96, which communicates 
between the two boards. A person 
standing on the upper board may raise 
himself up by pouring water into the 
tube. If the tube holds an ounce of 
water, and has an area equal to a 
thousandth part of the area of the top 
of the bellows, one ounce of water in 
the tube will balance a thousand ounces 
placed on the bellows. 

435. Hydrostatic Press. — This 
property of water was applied by Mr. 

bramah, to the construction of his hydrostatic press. But 
instead of a high tube of water, which in most cases could not 
be so readily obtained, he substituted a strong forcing-pump, 
and instead of the leather bellows, a metallic pump, barrel, and 
piston. 




Hydrostatic BeOoiM. 



434. What is the hydrostatic bellows 1 What property of water is this instramait 
designed to show? 435. Explain Fig. 97. Where is the piston? Which is ths. 
twmp-barrel id which it works ? 



PSBBSURX QI VATKB. 



This arrangement vrill be 
nndecstood by Fig. 97, where 
the pump-barrel. A, B, is repre- 
sented as divided lengthwise, 
in order to show the inside. 
The piston, C, ia fitted so ac- 
curately to the barrel, as to 
work up and down water-tight; 
both barrel and piston being 
made of iron. The thing to 
be broken or pressed, is Imd 
on tlie flat surface, I, (here be- 
ing above this, a strong frame 
to meet the pressure, not shown i 
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1 the figure, 
fordng-pump, of which I) is the piston, and II, 
which it is worked, is also made of iron. 

Now, suppose the space between the small piston and t 
large one, at W, to be filled with water, then, on forcing doi 
the small piston, D, there will be a pressure against the lar 
piston, C, the whole force of which will be in proportion as t 
aperture in which C works, is greater than that in which 
works. 

436. If the piston, D, is half an inch in diameter, and t 
piston, C, one foot in diameter, then the pressure on C will be 5' 
times greater than that on D. Therefore, if we suppose t 
pressure of the small pi.ston to be one ton, the large piat 
will be forced up against any resistance, with a pressure eqv 
to the weight of 576 tons. 

437. It would be easy for a single man to give the presst 
of a ton at D, by means of the lever, an3, therefore, a man, wi 
this engine, would be able to exert a force equal to the weig 
of near 600 tons. 

438. It is evident that the force to be obtained by this pii 
ciple, can only be hmited by the strength of tlie materitus 
which the en^ne is made. Thus, if a pressure of two tons 
riven to a piston, flie diameter of which is only a quarter of 
mch, the force transmitted to the other piston, if three feet 
diameter, would be upward of 40,000 tons; but such a foi 
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is much too great for the strength of any material with which 
we are acquainted. 

A small quantity of water, extending to a great eleyatiory 
would give the pressure above describ^ it being only for the 
sake of convenience, that the fordng-pump is employed instead 
of a colunm of water. 

439. Rupture of a Mountain, — There is no doubt, but in tLie 
operations of nature, great effects are sometimes produced among 
mountains, by a small quantity of water finding its way to a 
reservoir in the crevices of the rocks far beneath. 

FIG. 98. 




Rupture of a Mountain. 

Suppose, in the interior of a mountain, at A, Fig. 98, there 
should be a space of ten yards square, and an inch deep, filled 
with water, and closed up on all sides ; and suppose that, in the 
course of time, a small fissure, no more than an inch in diam- 
eter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The conse- 
quence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

440. Pressure on Vessels with Oblique Sides. — It is obvious, 
that, in a vessel, the sides of which are every where perpendic* 
ular to each other, the pressure on the bottom will be as 
the height, and that the pressure on the sides will every whem 
be equal, at an equal depth of the liquid. 

But it is not so obvious, that in a vessel having oblique sidos^ 



^39. What is said of the pressure of water in the crevices of moantains and Its 
"'bctt 1 440. What is the pressure oo the bottom of a vessel containing a fluid equal 

1 Suppose the sides of the vsMel stope outward, what effect does this produce 09 

^jnreasare'* 
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iverging fron; 
r the pressure wiL 



that is, diverging outward from the bottom, c 
the bottom toward the top, in what i 
be austaineil. 

441. Now, the pressure on the bottom of any Teasel, no mat- 
ter what the shape axsy be, is equal to tlie height of the fluid, 
and the area of Uie bottom, (428.) 

Hence the pressure on 

,he bottom of the vessel na. w. 

Bloping outward, /Vy. 99, 
will be just equal to what 
it would be, were the sides 
perpendicular, and th< 
would be the case did the 
Bides slope inward instead 
of outward. 

In a vessel of this shape, the sides sustain a pressure equal to 
3ie peipendicular heig'ht of the fluid, above any given point. 
Thus, if the point 1 sustain a pressure of one pound, 2, being 
twice as iar below the surface, will have a pressure equal to two 
pounds, and so in this proportion with respect to the other eight 
parts marked on the side of the vessel. On the contrary, did 
the sides of the vessel slope inward instead of outward, still the 
a consequences ensue, the vertical height in both cjiaes mak- 
ing the pressure equaL For although in the latter, the eleva- 
tion is not above the pomt of pressure, the eSect is ^e same in 
each case. 




442, The weight of a cubic inch of water at the temperature 
of 62°, is the 0.030005 fraction of a pound. A column of wa- 
ter one foot high, being twelve times the above, would there- 
fore be 0.4S2B pounds. 

443. Now a square foot is 144 square inches, and thereforo 
the pressure, or weight, of a square foot of water will be found 
by malliplying the above fraction by 144, wliieh gives 62.3232, 
»r nearly 02 and a third pounds. .Omitting the decimals, a 
cubic foot of water is commonly estimated at 62 pounds. 
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Tlie following table, founded on the above estimates, maybe 
useful in determining the pressure of water in pipes or other 
vessels, of known depth. 



DZFTH IN FKET. 


nUSaBURE PER 8QUAU 
INCH. 


FHSaSURE PER SQUARE 
FOOT. 




Pounds. 


Pounds. 


1 


0.4328 


62.3232 


2 


0.8656 


124.6464 


3 

4 


1.2984 
1.7312 


186,9696 
249.2928 


5 


2.1640 


311.6160 


6 


2.5968 


373.9392 


7 


3.0296 


436.2624 


8 


3.4624 


498.5856 


9 


3,8952 


560.9088 


10 


4.3280 


623.2320 



Suppose it is required to know the pressure on the bottom 
of a vessel of water, 1 foot square and 20 feet deep, then it is 
found by doublmg^hat of 10 feet deep, thus 623.2320x2 = 
1246.464 pounds. The pressure on a tube equal to an inch 
square, and of an equal depth, is found by substituting inches for 
feet, as above seen. 
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444. We have seen, that in whatever situation water is 
placed, it always tends to seek a level. Thus, if several vessels 
communicating with each other be filled with water, the fluid 
will be at the same height in all, and the level will be indica- 
ted by a straight line drawn through all the vessels as in Fig. 91. 

It is on the principle of this tendency that the little instru- 
ment called the water level is constructed. 

445. Let A, Fig. 100, be a straight glass tube having two 
legs, or two other glass tubes rising firom each end i^ right- 
angles. Let the tube A, and a part of the legs, be filled with 
mercuiy or some other liquid, and on the surfaces, a 6, of the 
liquid, let floats be placed, carrying upright wires, to the ends 
of which are attached sights at 1, 2. These sights are repre- 
sented by 3, 4, and consist of two fine threads, or hairs, stretdied 

446. Explain hj Fig. 100, bow an exact line may be obtained bj adyusUng tha 
ilrhts. 




U right-angles across a square, and are placed at right-angles 
the length of the instrument. 

They are so adjusted that the point where the hairs intei 
each other, shall be at equal heights abore the floats. This 
jnstment may be made in the following manner :- 

Let the eye be placed behind one of the sights, lool 
through it at the other, so as to make the points, where 
hairs intersect, cover each other, and let some distant objt 
covered by this point, be observed. Then let the instrumei 
be reversed, and let the points of intersection of the hairs ba 
viewed in the same way, so as to cover each other. If they are 
observed to cover the same distant object as before, they will 
be of equal heights above the surfeces of the liquid. But, if the 
same distant points be not observed in tlie direction of iheee 
pointfl, then one or the other of the sights must be rmsed or 
lowered, by an adjustment provided for that purpose, until the 
points of intersection be brought to correspond. The points 
will then ha properly adjusted, and the line passing through 
thein will be exactly horizontal. All points seen in the direc- 
tion of the sights will be on the level of the instrument. 

440. The principles on which this adjustment depends are. 
easily exfJained ; if the intersections of the haira be at the ai 
distance from the floats, the line joining these intersections 
evidently be parallel to the lines joining the surfaces a, b, of 



0. Explain Ibeiniaclple on nbich 



i 




116 BPEaxno OEAfinr. 

liquid, and will therefore be level But if one of these points 
be more distant from the floats than the other, the line joining 
the intersections will point upward if viewed from the lower 
sight, and downward if viewed from the higher one. 

The accuracy of the results of this instrument, will be greatly 
increased by lengthening the tube A. 

447. Spirit Level. — The common ^®- ^^^ 
spirit level consists of a glass tube, 
Mg. 101, filled with spirit of wine, ex- 
cepting a small space in which there 
is left a bubble of air. This bubble, ^-^-^ ^^^ 
when the instrument is laid on a level 

surface, will be exactly in the middle of the tube, and therefore^ 
to adjust a level, it is only necessary to bring the bubble to this 
position. 

The glass tube is inclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen, as repre- 
sented in the figure. 

448. This instrument is employed by builders to level their 
work, and is highly convenient for that purpose, since it is only 
necessary to lay it on a beam to try its level. 

SPECIFIC GRAYITT. 

449. If a tumbler he filled with water to the brim, and an 
egffy or any other heavy solid, be dropped into it, a quantity of 
thejluidy exactly equal to the size of the egg, or oth&r solid, toill 
he displaced, and will flow over the side of the vessel. Bodies 
which sink in water, tiierefore, displace a quantity of the fluid 
equal to their own bulks. 

450. Now, it is found by experiment, that when any solid 
substance sinks in water, it loses, while in the fluid, a portion of 
its weight, just equal to that of the bulk of water which it dis- 
places. This is readily made evident by experiment. 

461. Take a piece of ivory, or any other substance that will 
sink in water, and weigh it accurately 'in the usual manner; 
then suspend it by a thread, or hair, in the empty cup A, Fig, 
102, and balance it, as shown in the figure. Now pour water 
into the cup, and it will be found that the suspended body will 
lose a part of its weight, so that a certain number of grains 

#17. Describe the common spirit level, and the method of using it. 44& Wkat Is 
ttrt QW of the level 1 449. How much water will an egg displace 1 450. How much 
LWfflaeubic inch of any substance weigh in water than in air 7 451. How is it 
' Igr Fig. 102, that a body weighs less in water than in air 1 
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Tnust be taken frotn the 
opposite scale, in order to 
make the scales balance as 
before the water was pour- 
ed ill. The number of 
grain? taken from the op- 
positfi scale, show tlie 
weight of a quantity of 
water equal to the bulk of 
the bod; BO suspended. 

452. It in oa the prin- 
ciple, that bodies weigh less 
in the water than tiey do 
when weighed out of it, or 
ill the air, that water be- 
comes the iii_ean8 of Mcertaiuing their specific graviliea, for it is 
by comparing the weight of a body in tha water, with what it 
weigha out of it, that its specific gravity is determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and on 
being weighed in water, weighs only 18 ounces, or loses a nine' 
teenth part of its weight, it will prove that gold, bulk for bulk, 
is nineteen, times heavier than water, and thus 19 would be ths 
specific gravity of gold. And so if a cube of copper weigh 9' 
ounces in the air, and only 8 ounces in the water, then conpe 
bulk for bulk, is times as heavy aa water, and therefore oas 
specific gravity of 9. 

453. K the body weighs less, bulk for bulk, than water, it 
obvious that it will not sink in it, and therefore weights mu 
be added to the lighter body, to ascertain how much less it 
weighs than water. 

ITie spedfic gravity of a body, then, is merely- its weight 
compared with tie same bulk of water ; and water is thus mada 
the standard by which the weights of al! other l 



454. Sow to late the Specific Oraviiy. — To take tliespeciflo 
gravity of a solid which sinks in water, first weigh the body in 
the usual manner, and note down the number of grains it 
weighs ; tben, with a hair, or fine thread, suspend it from the 
botl^im of the scale-dish, in a vessel of water, as represented by 
Fiff. 102. As it weighs less in water, weights must be added 
lo the side of the scale where the body is suspended, until they 
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exactly balance each other. Next, note down the number of 
grains so added, and they will show the difference between the 
weight of the body in air and in water. 

455. It is obvious that the greiater the specific gravity of the 
body, the less, comparatively, will be this difference, because 
each body displaces only its own bulk of water, and some bodies 
of the same bulk will weigh many times more than others. 

466. For example, suppose that a piece of platina, weighing 
22 ounces, will displace an ounce of water, while a piece of 
silver, weighing 22 ounces, will displace two ounces of water. 
The platina, therefore, when suspended as above described, will 
require one ounce to make the scales balance, while the same 
weight of silver will require two ounces for the same purpose. 
The platina, therefore, bulk for bulk, will weigh twice as much 
as the silver, and will have twice as much specific gravity. 

Having noted down the difference between the jveight of the 
body in air and in water, as above explained, the specific gravity 
is found by dividing the weight in air by the loss in water. 
The greater the loss, therefore, the less will be the specific 
gravity, the bulk being the same. 

457. Thus, in the above example, 22 ounces of platina was 
supposed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now, 22 divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is 11. So that the specific gravity of platina is 22, while that 
of silver is 11. The specific gravities of theise metals are, how- 
ever, a little less than here estimated. 

458. TABLE OF SPECIFIC GRAYITIE8. 

Antimony, 7 

Zino,. . 7 

Cast Iron, 7 

Tin, 8 

Cobalt, 8 

Steel, 8 

Copper, 9 

Bismuth, 10 

Silver 



Lead, 
Gold, 



10 
11 
19 



Platinum, 20 

" hammered, ... 22 

Mercury, 14 

Agate, 2i 

Sulphur, 2 

Glass, crown, 24 

" flint, 3i 

Rock, crystal, 21 

Marble, 2i 

Diamonds, 3i 

Ruby, (oriental,) 4i 



This table being intended for common use, the fractions are 
omitted, and the nearest round numbers only given. 

466. Why does a heavy body weigh comparatively less in the water than a light 
"one 1 456. Having taken the difference between the weijfht of a body in air and In 
Water, by what rule is its specific gravity found 1 457. Give the ezam()Ie stated, and 
■bow now the difference between ue ^ecific gravities of platina and silver Is found. 
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469. The hydrometer ia an instrument by which the tpeHJU 
ffravitiea offiuids art ascertained by the depth to which the in- 
iirtttHotl tints below their surfaces. 

460, Suppose a cubic incli of lead loses, when weighed in 
water, 263 grains, and, when weighed in alcohol, only 200 
grsina, then, according to the principle already recited, a cubic 
ineh of water actually weighs 253, and a cubic inch of alcohol 
300 grains, foi when a body is weighed in a fluid, it loses just 
tiie weight of the fluid it displaces. 

401. W&ter, as we have already seen, (453,) is the standard 
l^ which the weights of other bodies are compared, and by 
sscertaimng what a given bulk of any substance weighs in wa- 
ter, and then what it weighs in any other fluid, the compara- 
tive weight of water and tnis fluid will be knowa. for if, as in 
the above example, a certain bulk of water weighs 253 grains, 
and the same bulk of alcohol only 209 grains, then ^cohol has 
a specific gravity nearly one-fourth less than water. 

402. It is on this principle that the hydrom- 
eter is constructed. It ia composed of a hoi- yio. loa 
low ball of glass, or metal, witli a graduated 
scale rising from its upper part, and a weight 
on its under part, which serves to balaace it in 
the fluid. 

Sach an instrument is represented by Fiff. 
103, of which B is the graduated scale, and A, 
the weight, the hollow ball being between 
them. 

463. To prepare this instrument for use, 
weights in grains, or half-grains, are put into 
the little cup, A, until the scale is carried down 
BO that a certain mark on it coincides exactly 
with the snrfoce of the water. This mark, _^^^_ 
(hen, becomes the standard of comparison be- ifydnmew 
tween water and any otter Uquid in which the 
hydrometer is placed. 

464. If plunged into a fluid lighter tban water, it vrill sink 
below the mark, and, consequently, the fluid will rise higher on 
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tlie scale. If the fluid is heavier than water, the scale will rise 
above the surface in proportion, and thus it is ascertained in a 
moment whether any fluid has a greater or less speoiflc gravity 
than water. 

To know precisely how much the fluid varies from the 
standard, the scale is marked off into degrees, which indicate 
gi-ains by weight, so that it is ascertained very exactly how muck 
the specific gravity o^ one fluid differs fix)m that of another. 

465. Water being the standard by which the weights of 
other substances are compared, it is placed as the unit, or point 
of comparison, and is, therefore, 1, 10, 100, or 1000, the 
ciphers bemg added whenever there are fractional parts ex- 
pressing the specific gravity of the body. It is always under- 
stood, therefore, that the specific gravity of water is 1 ; and 
when it is said a body has a specific gravity of 2, it is only 
meant that such a body is, bulk for bulk, twice as heavy as 
water. 

466. If the substance is lighter than water, it has a specific 
gravity of 0, with a fractional part. Thus, alcohol has a specific 
gravity of 0.809, that is, 809, water being 1000. 

467. By means of this instrument, it can be told with greal 
accuracy how much water has been added to spirits, for the 
greater the quantity of water, the higher will the scale ris^ 
above the surface. 

The adulteration of milk with water, can also be readily de- 
tected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of water mixed with 
it would be indicated by the instrument. 

' THE SIPHON. 

468. Take a tube bent like the letter U, and, having filled it 
with water, place a finger on each end, and in tliis state plunge 
one of the ends into a vessel of watOT, so that the end in t£e 
water shall be a little the highest ; then remove the fingers and 
the liquid will flow out, and continue to do so until the vessel 
ii5 exhausted. 

469. A tube acting in this manner is called a siphon^ and is 

465. What is the standard by which the weights of other bodies are compared 1 
What is the specific gravity of water 7 When it is said that the specific gravity of a 
Dody is 2, or 4, wliat meaning is intended to be conveyed 1 466. If alcohol has a 
specific gravity of 809, what, in reference to this, is the specific gravity of water? 
4d7. In what cases will the hydrometer detect fraud 7 468. In what manner is a 
■iphon made ? 469. Explain the reason why the water ascends through one U^ of 
he siphon, and descecdfl through the other ** 
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repreeentfld by Fig. 104. The i-eaaon ria. \m. 

why lie water flows from the end of 

the tube. A, and, conseqaently, ascends 

through the other part, is, that there 

is a greater weight of the fluid &om B 

to A, than frora C to B, because the 

pirpendicular height from B to A, ia 

the greal^fit- Tlie weight of the water 

from B to A, failing downward by its 

gravity, tends to form a vacuum, or 

void space, in that leg of the tube ; but 

the pressure of the atmosphere on the 

water in tie vessel, constantly forces 

the fluid up the other leg of the tube, 

to fill the void space, and thus the stream is contiiiued bb long 

u any water remains in the vessel. 

470. Application of the Siphon. — The siphon is employed 
in draining mines, when there is a sufficient fall in the vidmty : 
it may also be used to convey water over a hill, provided tie 
place where it is wanted is a foot or two lower than the Ejuntain. 





AppHfotion ^ IM S^lkim. 



For this purpose, let A bo a spring, fiif. 105, situated be- 
i hind a hill, and it is desired to bring the water to B for &mi1y 
To do this, a lead tube, with a slop-cock at C, is carried 
I over the hill, having also a stop-cock at each end. This done, 
I uni the two ends being closed, fill the two legs of the tube by 
I pouring in water at C ; then C being closed, let one person open 
I the stop-cock at B, and a moment after, open that at A, and 
I the water will instantly begin to flow tiom the spring to the 
r reservoir, and if C is kept closed, will continue to run so long 
I BB the fountain furnishes water. 

m. EipWnbjFig. 105, ho»ilheiiiphon<-"o.iT»wi[iico<«»«» 



\n 



nmRHTmse spRiNes. 



The principle of the siphon has been explained under 
Fiff. 104. 



ucnRMrmNO springb. 



471. The action of the siphon depends upon the same prin- 
ciple as the action of the pump, namely, the pressure of the 
atmosphere, and, therefore, its explanation properly belongs to 
Pneumatics. It is introduced here merely for the purpose of 
illustrating tlie phenomena of intermitting springs, a subject 
which belongs to Hydrostatics. 

Some springs, situated on the sides of mountains, flow, fi>r a 
while, with great \iolence, and then cease entirely. After a 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs. Among ign<»wit 
and superstitious people, these strange appearances hare been 
attributed to witchcraft, or the influence of some supernatural 
power. But an acquaintance with the laws of nature will dis- 
sipate such ill-f5unded opinions, by showing that they owe their 
peculiarities to nothing more than natural siphons, <y™ting in 
the mountains from whence the water flows. 



no. 106. 




Intermitting Spring. 



472. I'ig. 106 is the section of a mountain and spring, show- 
ing how the principle of the siphon operates to produce tho 
eroct described. Suppose there is a crevice, or hollow, in the 
rock from A to B, and a narrow fissure leading from it, in 
the tarn of the siphon, B C. The water from the rills F £, 



A Wfert li u iatormittfaiff qiring Y 472. How it Um pheiiom«non of tlie intor 
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filling the hollow, up to the line A D, it will then dischargee 
Itself through the siphon, and continue to run until the water 
is exhausted down to the leg of the siphon B, whe|i it will 
cease. Then the water from the rills continuing to run until 
the hollow is again filled up to the same line, the siphon again 
begins to act, and again discharges the contents of the reservoir 
as before, and thus the spring P, at one moment flows with 
great violence and the next moment ceases entirely. 

473. The hollow, above the line A D, is supposed not to be 
filled with the water at all, since the siphon begins to act when- 
ever the fluid rises up to the bend D. 

During the dry seasons of the year, it is obvious, that such a 
spring would cease to flow entirely, and would begin again only 
when the water from the mountain filled the cavity through 
the riUs. 



CHAPTER YI. 

HYDRAULICS. 



474. It has been stated^ (410,) thai Hydrostatics is that 
branch of Natural Philosophy^ which treats of the weight, pres- 
sure, arid equilibrium of fluids, and that Hydraulics has for 
its object, the investigation of the laws which regulate fluids in 
motion, 

K the pupil has learned the principles on which the pres • 
sure and equilibrium of fluids depend, as explained under the 
former article, he will now be prepared to understand the laws 
which govern fluids when in motion. 

475. The pressure of water downward, is in the same pro- 
portion to its height, as is the pressure of solids in the same 
direction. 

476. Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh nine 
poimds ; then the pressure on the bottom of the vessel will be 

€12. Explain Fig. 106, and show the reason why such a spring will flow and cease 
to flow, aUernately. 474. How does the science of Hydrostatics differ from that of 
Rydraaliesi 475. Does the downward pressure of water differ from the downward 
pressure of solids, in proportion 1 476. How is the downward presaura oC v(«L«e 
IllustraUdl 



idne pounds. If Another billet of wood be set on tliis, at At 
ume dimensiooB, it will press on its top with the w^ht d 
nine pq^nds, apd the pressure at the bottom will be ei^teen 
pDOntkj and if a like billet be set on this, the preesure at the 
bottom will be twenty-Beven pounds, and so on, m this ratio, to 
anv height the coluinn is carried. 

Now the pressure cf fluids is in the same proportion ; and 
when confined in pipes, may be conEidered as one short colnmn 
set on another, each c^ Which increases the pressure of tlw 
lowest, in proportion to their number and height 

477. If a vessel, 

Fig. 107, be filled ™"' 

with water,and three 
apertures be made 
m its side at & F G, 
the fluid will be 
thrown out in jets, 
falling to the earth 
in the curved lines 
shown. The reason 
why these curves 
differ in shape, is, 
that the fluid is act- 
ed on by two forces, 

namely, the pres- 

sure of the water 

above the jet, which produces its velocity forward, and the ac- 
tion of gravity, which impels it downward. It therefore obeys 
the same laws that solids do when projected forward, and fiuls 
down in curved lines, the shapes of which depend on their rela- 
tive velocities, (246.) 

478. The quantity of water discharged, being in proportion 
to the pressure, when the orifices are the same, that discha^ed 
from each orifice will differ in quantity, according to the height 
of the wal«r above it. 

479. It is found, however, that the velodty with which a 




vessel discharges its contents, does not depend entirely on 

Ereaaure, but in part on the kind of orifice through wnich me 
quid Hows. It might be expected, for instance, that a tin ves- 



m1. Fig. lOr, dllDtr )B 



CT. Whrdo Ilic lines dncrlbed bj tht jeti rrotn Ih« veBsel. Fig, 10 
■tnpal what iwo foica aa upon the fluid u it Is diachnrgcd, and ho 
fcien produce a currtd lln«1 478. In what proDDtiion dolheoriaceadlicharnUM 
HiiMI '•'"', Oaaaiho Telosilywllh which a duld la dlnnhuied, depend eiilliwTOi 
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of a given capacity, with an orifice of, say an inch in diani* ^^ 
rtha 
hick, 



il of a given capacity, with an orifice of, say 
eter, would part with its contents sooner than another of tha 
same capacity and orifice, whose side was an inch or two thick, 
since the friction through the tin might be considered much 
leaa than that presented by the other orifice, 

460. Bat it has iDeen found, by experiment, that the tin 
sel docs not part with its contents so soon as another vesse 
the same heiglit and sLse of orifice, tronj which the water flowt _ 
iJirough a suort pipe. And, on varying the length of these 
pipes, it is found that the most rapid discharge, other circum- 
stances being eqnal, is through a pip>e, whose length is twice tlie 
diameter of its orifice. Such an aperture discharged 62 quarts, 
ia the same time that another vessel of tin, without the pipe, 
iliacharged 62 quarts. 

481. This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water from 
different directions toward the orifice, mutually interfere wil' 
each other, by which the whole is broken, and thrown into coi 
fusion by the sharp edge of the tin, and hence the water issues' 
in the form of spray, or of a screw, from such an orifice. A 
short pipe seems to correct this contention among opposing 
currenta, and to smooth the passage of the whole, and hence 
we may observe, that from such a pipe, the stream is roiiud aud 
well defined, 

482. Proportion between Ike Pressure and the Velocily tf 
Discharge. — If a small orifice be made in the side of a vesself I 
filled with any liquid, the liquid will flow out with a force 
velocity equal to the pressure which the liquid before est 
on that portion of the side of the vessel before the orifice 

Now, as the pressure of fluids is as their heights, it follow*,i 
that if several such orifices are made, the lowest will dischar( ' 
the greatest, while the highest will discharge the least quantil 
of the fluid. 

The velocity of discharge, in the several orifices of such 
vessel, will show a remarkable coincidence between the r 
of increase in the quantity of liquid, and the increased 
locity of a ^ling body. 



im ^ 
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4S3. Thus, if the tall vessel, Fig. 108, 
of equal dimenuons tbrougliout, be filled 
with tbe water, nnd a small orifice be 
made at one inch Irom the top, or below 
the surface, as at 1 ; and anoUier at 2, 4 
inches bel#w this ; another at 9 inches ; 
a fourth at 16 inches ; wd a fifth at 2£ 
inches ; then tiie velodtdes of discharge, 
&om these several orifices, will be la pro- 
portion of I, 2, 3, 4, 6. 

484. To make this more obvious, we 
will place the expressions of the several 
velocities in tlie upper line of the following 
table, the lower numbers expressing the 
depths of the several orifices. 




■ I 1 I 4 I 9 1 16 I as I 36 I 49 I 64 1 81 I 100 I 



Thus it appears, as in falling bodies, that to produce a two- 
fold velocity a fourfold height is necessary. To obttun a three- 
fold velocity of discharge, a ninefold height is requbed, and for 
a fourfold velocity, sixteen times the height, and so in this pro- 
portion, as shown by the table, (HI.) 

In order to establish the fact, that the velocity with which a 
liquid spouts from an orifice, is equal to the velocity which 
a body would acquire in falling unobatruct«d from the surface 
of the liquid to the depth of tiie orifice, it is only necessary to 
prove the truth of the principle in any one particular case. 

Now it is manifestly true, if the orifice bo presented down- 
ward, and the column of fluid over it be of small height, then 
this indefinitely small column will drop out of the orifice by the 
mere efiect of its own weight, snd, therefore, with the same 
velocity as any other tailing body ; but as fluids transmit pres- 
sure in all directions, the same effect will be produced, whatever 
may be the direction of the orifice. . , 



485. The rapidity with which water flows through pipes of 
the same diameter, is found to depend much on the nature 

4B3. If In Fig. 10B.<iriaccB are nude ■.! the dlBUnee of), 4, 9, IS, >nd 2S \ncha fna. 

"--."■'tim lh« .elocliT of Ihe ipouling Liquid Isequal In £ ofl^fellfng bodYT486. 
-« l«d snd I gliaB Inbe, of (he BMne diunewr ! whicb will deliver Ihe gr««Mt 
t/llquiaio&altiDtam.ti Whr wiU ■ glu* Inlw dellvn maK 1 
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(ji their internal sur^oes. Thus a lead pipe, with a smooth 
aperture, under the same circumstaBces, will convey much moro 
water than one of wood, where the surfiace is rough, or beset 
with points. In pipes, even where ihe sur&oe is as smooth as 
glass, there is still considerable friction, for in all cases, the wa- 
ter is found to pass more rapidly in the middle of the stream 
tlian it does on the outside, where it rubs against the sides of 
the tube. 

486. The sudden turns, or angles of a pipe, are also found to 
be a considerable obstacle to the rapid conveyance of the water, 
for such angles throw the fluid into eddies or currents by which 
its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, and 
where it is necessary that the pipe -should change its direction, 
it is done by means of as large a circle as convenient. 

487. Water in Pipes, — Where it is proposed to convey a 
certain quantity of water to a considerable distance in pipes, 
there will be a great disappointment in respect to the quantity 
actually delivered, unless the engineer takes into account the 
friction, and the turnings of the pipes, and makes large allow- 
ances for these circumstances. If the quantity to be actually 
delivered ought to fill a two-inch pipe, one of three inches will 
not be too great an allowance, if the water is to be conveyed to 
any considerable distance. 

In practice, it will be found that a pipe of two inches in diam- 
eter, one hundred feet long, will discharge about five times as 
much water as one of one inch in diameter of the same length, 
and under the same pressure. 

488. This difference is accounted for, by supposing that both 
tubes retard the motion of the fluid, by friction, at equal dis- 
tances from their inner surfaces, and consequently that the effect 
of this cause is much greater in proportion, in a small tube, 
than in a large one. 

489. Flovfing of Rivers, — ^The effect of friction in retarding 
the motion of fluids is perpetually illustrated in the flowing of 
rivers and brooks. On the side of a river, the water, especial 1} 
where it is shallow, is nearly still, while in the middle of a 
stream it may run at the rate of five or six miles an hour. For 
the same reason, the water at the bottoms of rivers is much less 



486. What is said of the sudden turnings of a tube, in retarding the motion of the 
fluid ? 487. How much more water will a two-inch tube of a hundred feet long dis> 
cnarge, than a one-inch tube of the same length 1 488. How is this difference ac- 
counted for 1 489. IIow do rivers show the effect of tcSct^ou \xi x«\ax^^^^^'S!>S3!C>Ki^ 
«f their waters 1 
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rapid than at the surface. This is often proved hy the obUqiM 
position of floating substances, which in etill water would aBsunift 
a vertical directJoa. 

Thus, suppose the stick of wood E, 'T'- ^'^■ 

Fig. 109, to be loaded at one end with 
lead, of the same diameter as the wood, 
so as to make it stand upright in still 
water. In iJie current of a river, where 
the lower end nearly reaches the bottom, 
it will incline as in the figure, because 
the water is more rapid toward the 
surface than at the hottooi, and hence 
the tendency of the upper end to move 
faster than the lower one, gives it an 
inclination forward. 



490. The common pump, though a hydraulic machine, do- 1 

Sinds on the pressure of the atmosphere for its effect, and ther»-'j 
re its explanation comes properly under the article PneumaticSil 
where the consequences of atmospheric pressure will be illua-g 

Such machines only as raiso water without the assietance ot^ 
the atmosphere, come properly under the present article. 

491. Archimedbb' Screw.- — Among these, one of the moat. J 
curious, as woU as ancient machines, is the aerem of Archimeaet^i 
and which was invented by that celebraffid philosopher, tw 
hundred years before the Christian era, and tlien employed & 
TMsing water, and draining land in Egypt. 

492. It consists of a tube, made of lead, or strong leather,^ 
uoiled round a cylinder of wood or iron, as represented by -fSjil 
110. It has a support at each end, turning on gudgeons, tha 
upper end being sometimes furnished with cog-wheels to g' 
more easy and rapid motion. Both ends are open, the 1 
one being placed so far under the water as not to allow thftd 
orifice to come above the surface in turning; the other dit-,j 
chaises the water in an uninterrupted stream. 

403. The angle at which these machines work depends i 
the nianner of winding the tube on the cylinder; that i^^ 

Exnliln Rg. 109. 490. WhnI l> nld of Ihs eoiTHnan pumpi 491. Who 
491. ^Ulalbla machlna. lu rrprtn'iilHl In Flit. ItO, ind ihow ho» Itir 




Aether ths folds touch each otlier, or are at a distance apart, 

,B obvious that if the tube passes only a few times arouinl 

ie support, this must be in nearly a horizontal jiosition to act ; 

lot if the folds nearly touch, as iu the figure, it may be placed 

ft an angle of about 50° with the horizon. It will he apparent 

^at the direction of each fold must be toward the horizon, aa 

X turns, otherwise the water would not run. This is 

y the figure. This machine, as above stated, is a \'ery 

ncient invention, but has been re-invented in modern times, and 

in moat parts of Europe. 

It has been constructed in various ways hesides that here 

presented. One was, to cut a spiral groove in a large log of 

1, and cover this with metal, leather, or boards, so as to 

e it hold the water. The screw being thus sunk into the 

1, instead of being on the outside, aa commonly represented. 

L 494. When it was necessary to raise the water to a great 

ight, a series, one obliquely above the other, were employed, 

wtforms being constructed, witlt vessels to contain the water, 

"■e lower end of the second screw taking that which was eleva- 

L by the first; the third receiving that carried up by the 

. ond, and so on. At present we believe this en^ne is no 

where used except as a curiosity, there being better means of 

^^ing water. 

*. 4S6. This principle is readily illustrated by winding a piece 
tf lead tube round a walking-stick, and then turoing lie whole 
|ritii one end in a dish of water, as shown in the figure. 
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Theory of Archimedes' Screw, — "Bj the following cut and 
explanation, the manner in which this machine acts will be un 
derstood. 

496. Suppose the fig. m. 
extremity 1, Fig, 111, 
to be presented up- 
ward, as in the figure, 
the screw itself being 
inclined as represent- 
ed. Then, from its 
peculiar form and po- 
sition, it is evident, 
that commencing at 
1, the screw will de- 
scend until we arrive 

at a certain point, 2 ; in proceeding from 2 to 3, it will ascend 
Thus, 2 is a point so situated that the parts of the screw on 
both sides of it ascend, and therefore if any body, as a ball, 
were placed in the tube at 2, it could not move in either direc- 
tion without ascending. Again, the point 3 is so situated, that 
the tube on each side of it descends ; and as we proceed we 
find another point, 4, which, like 2, is so placed, that the tube 
on both sides of it ascends, and, therefore, a body placed at 4, 
could not move without ascending. In like manner, there is a 
series of other points along the tube, from which it either de- 
scends or ascends, as is obvious by inspection. 

Now let us suppose a ball, less in size than the bore of the 
tube, so as to move freely in it, to be dropped in at 1. As the 
tube descends from 1 to 2, the ball of course will descend down 
to 2, where it will remain at rest. 

Next, suppose the ball to be fastened to the tube at 2, and 
suppose the screw to be turned nearly half round, so that the 
end 1 shall be turned downward, and the point 2 brought to 
the highest point of the curve 1, 2, 3. 

497. The last movement of the spiral, it is evident, would so 
change the positions of the ascending and descending parts, as 
to continue the motion upward, but it must be remembered 
that the water differs from the ball used for illustration, in hav- 
ing a constant pressure downward, and consequently upwai'd, 
and that the ascent of the water depends on this property of 
die action of fluids. 



406w Explain the manner in which a ball would ascend, Fig. HI, by turning th« 
4w. On what property of fluids does Uib Hsceut of the water depend } 
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498. Barker's Mill. — For the different modes of appljdng 
water as a power for driving mills, and other useful purposes, 
we must refer the reader to works on practical mechanics, 
fhere is, however, one method of turning machinery by water, 
invented by Dr. Barker, which is strictly a philosophical, and, 
at the same time, a most cHirious invention, and therefore is 
properly introduced here. 

This machine is called Barker's 
centrifugal mill, and such parts 
of it as are necessary to understand 
the principle on which it acts are 
represented by Fip. 112. 

The upright cylinder A, is a 
tube which has a funnel-shaped 
mouth for the admission of the 
stream of water from the pipe B. 
This tube is six or eight inches in 
diameter, and may be from ten to 
twenty feet long. The arms, N 
and O, are also tubes communica- 
ting freely with the upright one, 
from the opposite sides of which 
they proceed. The shaft D is 
firmly festened to the inside of 
the tube, openings at the same 
time being left for the water to 
pass to the arms and N. The 
lower part of the tube is solid, 
and turns on a point resting on a block of stone or iron, C. 
The arms are closed at their ends, near which are the orifices 
on the sides opposite to each other, so that the water spouting 
from them will fly in opposite directions. The stream from the 
pipe B, is regulated by a stop-cock, so as to keep the tube A 
constantly full without overflowing. 

499. To set this engine in motion, nothing is required but 
the force of the water, which being let in by the pipe, descends,- 
and spouting from the opposite orifices, the motion immediately 
begins, and if the main tube is of sufl&cient length, and kept full 
of water, it will in a few minutes acquire a whirling velocity 
which will astonish any one who has not before seen this curious 
machine. 




Centrifugal MiU, 



498. DMSrtbe Barker's centrlfbgal mlU, Fig. 112. 499. Uq^ \% ^^!^a^ ^odS^ 
motion 1 
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600. With respect to the theory of its motion, Euler, Greg- 
ory, Brande and others, have written ; and it was formerly sup- 
posed to depend in part on the resistance of the atmosphere, 
but on trial it is said to revolve most rapidly in a vacuum. It 
is therefore difficult to explain very clearly on what its motion 
does depend. Dr. Gregory says, " In this machine the water 
does not act by its weight, or momentum, but by its centrifugal 
force, and the reaction that is produced by the flowing of the 
water on the point immediately behind the orifice of discharge." 
Dr. Brande says, " The resistance, or reaction generated by the 
water issuin^r from the holes, is such as to throw the vertical 
pipe with itfiinns imd axis into rapid rotatoiy motion." 

A model of the running part of this mill may be made by 
any tinner, for a few shillings, and may be kept in constant mo- 
tion, as a curiosity, by the waste water from the water ram de- 
scribed a few paffes hence. The shaft may be from two to four 
feet in lengtV^d an inch or two in diaieter, the arms being 
one-half or one-third this size. The orifices in the arms must 
be small, otherwise too much water will be required, the quan- 
tity discharged being much greater than might be supposed. 

After a few revolutions, the machine wiU receive an addi- 
tional impulse by the centrifugal force generated in the arms, 
and in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pressure 
of that in the upright tube alone. The centrifugal force, and the 
force of the discharge thus acting at the same time, and each in- 
creasing the force of the other, this machine revolves with great ve- 
locity and proportionate power. The friction which it has to 
overcome, when compared with that of other machines, is very 
shght, being chiefly at the point C, where the weight of the 
upright tube and its contents is sustained. 

By fixing a cog-wheel to the shaft at D, motion may be given 
to any kind of machinery required. 

Where the quantity of water is small, but its height consid- 
erable, this machine may be employed to gi^eat advantage, it 
being under such circumstances one of the most powerftd engines 
ever invented. 

CHAIN PUMP. 

601. The prindple of this machine is ancient, but instead of 
flat boards, as in Fig. 113, pots, or deep buckets, were em- 

BOO. What is the theory of Barker's mill ? 601. What is said of the antiqaitjaixl 
■w of the ch&in-pump 7 Describe the construction and action of this macune. 



ployed. Buch ong^oea are numerous along the banks of thi) 

Nile, and in Nubia and Hindostan, at the present day. 
The construction, as well as the action fib. us. 

)f the chain-pump, will he underetood 
I by the figure. It consists of a number 
' rf square pieces of board, or of thin 

iron, connected together through their 
ars by iron rods, ho that they can 

have no lateral motion. Theao rods are 
' &stened to each other by hooks and 
f eyes, thus forming a chain with long 

links. The ascending side of th s ehara 

passes through a square bo\ to wh ch 

these pieces or buckets are do ely ttted 

but not so as to create mu h frict ou 
I The lower wheel, as well as thp lower 
^ end of the box, must be placed below 

the surface of the water to be ra sed 
The action of this machine s des nbed 

in few words. To the npper wheel ~ 

attached a crank ; or if large quant 
. of water are to be raised, as on board 
f ships, mill work is added, to m It ). 
[ the motion of the wheel, in order to 
L ^T6 the buckets a more rap d ascent 

through the box. As the end of the box 
- the water, every board necessarily carries up a port o 

ascent, and although a single bucket would ele\ate but a small 

quantity up to the end of the box, yet as they follow each othei 

in rapid succession, a constant stream is produced, and thus, 

when the trunk is a foot in diameter, and the power is sufficient, 
. it will be obvious that a large quantity of water may, in a short 
, time, be elevated by this means. 

£02. Although this machine ts called a pump, it will be ob- 

■wved that the atmosphere is not concerned in its action. 
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603. Water wheels generally consist of a drum, or hollow 
1 cylinder, revoKing on an an is, while the diameter or exterioi 
I larface is covered with Jlat-boardt, vanes, or cavities ciUled 
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FIG. U4. 



hucketSj upon which the water acts ; first, to give motion to the 
wheel, and then to machinery. Such wheels are of three kinds^ 
namely : the oversTiot, undershot, and breast wheels. 

504. Overshot Wheel, — ^This wheel of all others, gives the 
greatest power with the least quantity of water, and is, there- 
fore, generally used when circumstances will permit, or where 
there is a considerable fall, with a hmited quantity of water. 

505. The overshot wheel, 
Fig, 114, requires a fell 
equal at least to its own 
diameter, and it is custom- 
ary to give it a greater 
length than other wheels, 
that the cells or buckets 
may contain a large quan- 
tity of water, for it is chiefly 
by the weight, and not the 
momentum of the fluid that 
this wheel is turned. 

506. In its construction, 
the drum, or circimiference 
is made water-tight, and to 
this are fixed narrow 
troughs or buckets, formed 
of iron, or boards, running the whole length of the drum. The 
water is conducted by a trough nearly level, and sometimes in 
width equal to the length of the wheel. It falls into the buckets 
on the top of the wnet)!, and hence the name overshot. 

507. The buckets are so constructed as to retain the water 
until the wheel has made about one-third of a revolution from 
the place of admission, when it escapes as from an inverted ves- 
sel, and the wheel ascends with empty buckets, while on the 
opposite side they are filled with water, and thus the revolution 
is perpetuated. This whole machine and its action are so plain 
and obvious as to require no particular reference. 

508. From the experiments of Mr. Smeaton, it appears, that 
the fall and quantity of water, and the diameter of the wheel 
being the same, the overshot, will produce about double the 
effect of the undershot wheel. 

509. Undershot Wheel. — This is so called because the water 
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604. What is the chief advantage of the overshot wheel 1 505. Is this wheel turned 
bv the weight or momenlum of the water? 506. Describe its construction. 607. 
What is said of the construction of the buckets 7 506. Circumstances being equal, 
aotr /!" — *• —'•mter power has the overshot than the undershot viheeU 
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passes under instead of over ^^' ^^^• 

the circumference, as in that 
above describe*d. Hence it 
is moved by the momentum, 
not the weight of the water. 

510. Its construction, as 
shown by Mg, 115, is dif- 
ferent from the overshot, 
since instead of tight buckets 
to retain the water, it has 
fiat-hoards, standing like 
rays around the circumfer- 
ence. 

511. Thus constructed, 
this wheel moves equally well whether the water acts on one or 
the other side of the boards, and hence is employed for tide- 
wheels, which turn in one direction when the tide is going out, 
and in the other when it is coming in. 

This wheel requires a rapid flow, and a large quantity of wa- 
ter, to give it an eflScient motion. 

512. Breast Wheel, — 

This wheel, in its construe- no. lie. 

tion, or rather in the ap- 
plication of the moving 
power, is between the two 
wheels already described. 
In this the water, instead 
of passing over, or entirely 
under the wheel, is deliv- 
ered in the direction of its 
center. Fig. 116. This is 
one of the most common 
wheels, and is employed 
where there is not a suffi- 
cient fall for the construc- 
tion of the overshot kind. 

513. The breast wheel is moved partly by the weight, and 
partly by the momentum of the water. But notwithstanding 
this double force, this wheel is greatly infenor to the overshot, 
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509. Where does the water pass in the undershot wheel? What kind of force 
moves this wheel 1 510. How does its construction differ from the overshot wheel 1 
611. What is a tide-wheel 1 512. How does the breast wheel differ from the overshot 
and undershot wheels! Where does the water strike this wheel 1 613. R^ ^^'**» 
power is the breast wheel moved 1 Why \b this YiYvee\\tii«\ox Vo x^^ «^««tfA.A 



in effect, not. only because tie lever power is diminished by tha 
smaller diameter, but also on accoimt of the great waste of wa- 
ter which always attends the best constmcted wheels of this 
kind. 

514. Getteral Remarks. — In order to allow any of fbe above 
wheeb to act witli freedom, and to tbeir fullest power, it is aV 
eolutely necessary that the wat«T which is discharged, at tbe 
bottom of the wheel should have a wide and uninterrupted 
passage to run away, for whenever this ia not tlie case it ac- 
cumnlatee and forma a resistance to the action of the buckets or 
flat-boards, and thus eubtracte just so much from the velod^ 
and power of the machine. 

515. Htdrauuc, OB Water Rah. — Tbie beautiful engine 
was invented by Montgolfier, a Frenchman, (and the same who 
first ascended in a baltoon,) in about 1706. 
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The form and construction of this useful machine, which n 
very simple in all its parts, will be understood by Fig. 117. 
Suppose the pipe A, comes from a spring, elevated a few feet 
above the horizontal line B, and that it conveys a constant 
stream of water. At the termination of this pipe, there is a 
lalve, called a spitidie valve, capable of closing its orifice when 
drawn upward ; on the spindle (, are several small weighta, by 
which the valve is made to drop down and remain open when 
the water is still ; the weight of the whole being so nicely ad- 
iusted, that the movement of the running water will elevate it 
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o its place, ana thus stop tbe discharge. The weight of tUa 
Talve, a nice point in the construction of the machine, must bo 
just sufficient to make it rise bj the force of the stream, and 
sink again when the water ceases to flow, thus rising and falling, 
and in effect causing tht . '.d to stop for an instant, and then 
renew its motion. 

516. Now water in motion acquires a momentum in propoi ■ 
tion to the length of the column, and the height of the source, 
and when in action exerts a force equal to that of a solid body 
of the same length and gravity, pressing downward from the 
same elevation. The inelasticity of the nuid gives it the prop- 
erty of acquiring motion through the whole length of a tube 
elevated at one extremity, whenever only a small poHJon is 
allowed to escape by its own pressure. Hence, when the valve 
opens by dropping down, all the wator in the pipe, however 
long it may be, instantly moves forward to supply the place of 
that which has thus escaped ; and if the pipe is long and the 
fountwn high, ordinary metallic conductors are burst asunder 
by the shock whenever the stream is interrupted. It is on these 

Sirinciples of the force of water, that the Hydraulic Ram is 
ounded ; for when the stream ia stopped by the rising of the 
valve, as already explained, au outlet is provided by another 
valve, u, opening upward into an air vessel, having a dischai^ 
ine pipe, «, and consequently when the spindle valve, {, is closed, 
this valve instantly opens, and the water is thrown with great 
force into the air vessel, and through the discharging pipe to 
the place where it is wanted. The stream being thus inter- 
rupted, and the water becoming still under the lower valve, this 
instantly opens by falling down, thus allowing the fluid to dis- 
charge itaelf at r, when the motion again raises the valve, and 
it is stopped, the valve u being raised for its escape m before ; 
and thus this curious machine, if well constructed, will act with 
no other power or help, but a little stream of water, for weekafl 
or months. fl 

617. This engine affords tie moat efficient, cheap, and con- J 
venient means of rabing water, for ornamental or farming pur- 
poses, ever invented. A spring on a hill near the house, or a 
running brook with an elevation of a few feet, is all the power 
required to supply an abundance of water for any private, or ^ 
even public establishment. Mr. MUlington, who erected many J 
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52Y. JBxpanston of the Air, — On the contrary, when the 
usual pressure of the atmosphere is removed from a portion of 
air, it expands and occupies a space larger than before ; and it 
is found by experiment, that this expansion is in a ratio, as the 
removal of the pressure is more or less complete. Air also ex- 
pands or increases in bulk, when heated. 

628. K the stop-cock, C, Fig, 118, be opened, the piston. A, 
may be pushed down with ease, because the air contained in 
the barrel will be forced out at the aperture. Suppose the pis- 
ton to be pushed down to within an inch of the bottom, and 
then the stop-cock closed, so that no air can enter below it 
Now, on drawing the piston up to the top of the barrel, the 
inch of air will expand and fill the whole space, and were this 
space a thousand times as large, it would still be filled with the 
expanded air, because the piston removes the pressure of the 
external atmosphere from that within the barrel. 

529. It follows, therefore, that the space which a given por- 
tion of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will be diminished in exact proportion ; 
and as the pressure is removed, it will expand in proportion, so 
as to occupy a thousand, or even a million times as much space 
as before. 

530. Weight of Air, — Another property which air possesses 
is weight, or gravity. This property, it is obvious, must be 
slight, when compared with the weight of other bodies. But 
that air has a certain degree of gravity in common with other 
ponderous substances, is proved by direct experiment. Thus if 
the air be pumped out of a close vessel, and then the vessel be 
exactly weighed, it will be found to weigh more when the air is 
again admitted. 

531. Pressure of the Atmosphere, — It is, however, the weight 
^f the atmosphere which presses on every part of the earth's 
surfiace, and in which we live and move, as in an ocean, that 
here particularly claims our attention. 

The pressure of the atmosphere may be easily shown by the 
tube and piston. Fig, 119. 

Suppose there is an orifice to be opened or closed by the 
valve B, as the piston A is moved up or down in its barrel. 
The valve being fastened by a hinge on the upper side, on 

626. In what proportion to the force employed is the bulk of air lessened? 627. In 
what proportion will a quantity of air increase in bulk as the pressure is removed 
from it? 628. How is this illustrated by Fig. 1181 629. On what circumstances, 
therefore^ will the bulk of a given portion of air depend 1 630. How is it proved that 
■ir has weight 1 631. Explain in what manner tne pressure of the atmosphere li 
"^ by Fig. 119. 
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e piafon Qown, it will open by the prea- 

c of the air against it, aod the dr nill make 

IB escape. But when the piston is at the bottom 

tf iLe barrel, on attemptiiig to raise it agab, to- 

■WAfd the top, the valve is closed by the force of 

pfte external iiit acting upon it 

632. I^ therefore, the piston be drawn np in 
' is state, it must be against the pressure of tlie 
mosphere, the whole weight of which, to an ex- 
snt equal to the diameter of the piston, must be 
* 1, while there will remain a vacuum or void 
e below it in the tube. 
fi33. If the piston be only three inches in diam- 
L^tcr, it will require the full sti'ength of a man to draw il to the 
p of the barrel, and when raised, if suddenly let go, it will be 
■forced back again by the weight of tbe air, and will strike the 
^(ottom with great violence, 

634. Supposing the surface of a man to be equal to 14^ 
iqnare fee^ and allowing the pressure on each square inch to 
' a 15 lbs., Guch a man would sustain a pressure on his whole 
e equal to nearly 14 tons. 

w, that it is the weight of the atmosphere which 

a the piston down, is proved by the fact, that if ita diam- 

>e enlarged, a greater force, in exact proportion, will be 

squired to raise iL And liirther, if when the piston is drawn 

fi the top of the tube, a stop-eocfc, as at Fip. 118, be opened, 

lad the air, admitted under it, the piston will not be forced 

" iwn in the least, because then the air will press as much on 

e under, as on the upper side of the piston. 

£35. By accurate experiments, an account of which it is not 

' here to detail, it is found that the weight of the at^ 

1 on every square inch of the surface of the earth is 

Iqual to fifteen pounds. If, then, a piston working air-tight in 

arrel, be drawn up from ita bottom, the force employed, be- 

s the Auction, will be just equal to that required to lift the 

me piston, under ordinary drcumstanees, with a weight laid 

Wpn it equal to fifteen pounds for every square inch of surface. 

533. The number of square inches in the auri'ace of a piston 
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of a foot in diimeter, is 113. This being multiplied by the 
weight of the ahr on each inch, which, being 15 pounds, is equal 
to 1695 pounds. Thus the air constantly presses on eyery sur- 
i^ice, which is equal to the dimensions of a circle one foot in 
diameter, with a weight of 1695 pounds. 
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537. TJie air pump is an engine by which the air can he 
pumped out of a vessel, or withdraum from it The vessel so 
exhausted, is called a receiver, and the space thus left in the 
vessel, after withdrawing the air, is called a vacuum. 

The principles on which the air pump is constructed are 
readily understood, and are the same in all instruments of this 
kind, though the form of the instrument itself is often consid^- 
ably modified. 

639. The general principles of its 
construction will be comprehended 
by an explanation of Mg. 120. In 
this figure let R be a glass vessel, or 
receiver, closed at the top, and open 
at the bottom, standing on a per- 
fectly smooth surface, which is called 
the plate of the air pump. Through 
the plate is an aperture, which com- 
municates with the inside of the re- 
ceiver, and the barrel of the pump. 
The piston-rod works air-tight 
through the barrel. At the extrem- 
ity of the barrel, there is a valve which opens upward, and is 
closed as the piston rises. 

539. Now suppose the piston to be drawn up, it will then 
leave a free communication between the receiver K, through the 
orifice to the pump-barrel in which the piston works. llien if 
the piston be forced down, it will compress the air in the barrel 
between V and V, and, in consequence, the valve E will be 
opened, and the air so condensed will be forced out. On draw- 
hig the piston up again, the valve will be closed, and the ex- 
ternal air not being permitted to enter, a partial vacuum will 
be formed in the barrel, from V to V. When the piston rises 
again, the air contained in the glass vessel, together with that 



3L 



Aif^Pump. 



537. What is an airjpump 1 538. Give the names of the different parts of the air 
^ump hy Fig. 120. 639. Show the manner in which the air pump works to pro«liic« 
% vacuum. 
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in the passage between the vessel and the pump-barrel, will 
rash in to fill the vacuum. Thus, there will be less air in the 
whole space, and consequently in the receiver, than at first, be- 
cause all that contained in the barrel is forced out at every 
stroke of the piston. On repeating the same process, that is 
drawing up and forcing down the piston, the air at each time in 
the receiver will become less and less in quantity, and, in conse- 
quence, more and more rarefied. For it must be understood, 
that although the air is exluusted at every stroke of the pump, 
that which remains, by its elasticity, expands, and still occupies 
the whole space. The quantity forced out at each successive 
stroke is therefore diminished, until, at last, it no longer has 
sufficient force before the piston to open the valve, when the 
exhausting power of the instrument must cease entirely. 

640. Now it will be obvious, that as the exhausting power of 
the air pump depends on the expansion of the air within it, a 
perfect vacuum can never be formed by its means, for so long 
as exhaustion takes place, there must be air to be forced ou^ 
and when this becomes so rare as not to force open the valves, 
then the process must end. 

DOUBLE-ACTING AIR PUMP. 

641. The double air pump has two similar barrels to that 
above described, and therefore the process of exhaustion is per- 
formed in half liie time. 

This is represented by Fig. 121, where P P are the cylinder b 
of brass, in which the pistons work, and of which V V are the 
valves. The piston rods, E E, are toothed to correspond with 
the teeth of the wTieel W, which is worked by the crank D. 
The exhausting tube T, also of brass, opens by the valves V V, 
into the cylinders. This has a stopcock, C, to prevent the ingress 
of air after the vacuum is made, in case the pistons leak. The 
reeeiveTy R, is of glass, ground to fit, air-tight, to the plate of 
brass on which it stands. The exhausting tube opens at O, 
into the interior of the receiver. The barometer tube H, at its 
upper end opens into this tube, while at the lower end, M, it is 
inserted into a cup of mercury. 

642. The barometer tube is designed to show the degree of 
exhaustion, in the receiver, with which ^t communicates, as 
shown in Uie figure. As the exhaustion^proceeds, the external 

640. Will the air pump form a perfect vacuum 1 Why not 1 541. Name the ser* 
•ral parts of the double-acting air pump by Fig. 121, and show how it works. 649 
What is Che use of the barometer tube, as applied ta the air pump 1 
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air, preesmg on the mercury in the cup, elevatas that in Bia 
tube, in proportion to the rarely of the au- in the reodvOT. 

Action. — The manner in which the double pump acts, a ex- 
actly eimilar to the single one, only that it has two barrels, or 

linders, instead of one. It a, therefore, unnecessary to repeat 

e explanatJOD given under the last figure, 

643. Exterrud Vieio of the Air Pump.- — Having explained 
the principles and action of the air pump, by figures showing 
ita interior construction, we here present the student with an 
external view, Fig. 122, of the whole machine, 

544. It is a small single-barrel pump, those with more bar- 
rels being of course more complex in structure, and less eafflly 
understood. The barrel, A, is seven inches high and two in 
diameter ; the plate, K, is eight inches in diameter ; the pitiar. 
rod, B, works air-tight by mean? of the packing screw J, which 
is fitted to the barrel case, I. The piston is kept perpendicular 
by the guide E, through which it works; i\ie fitlavm prf^, H, 
is eighteen inches high, and the parallel rods, D, connect the 
piston rod and cross-head, C, with the lever. 

The dome cap, I, contains a valve opening upward, for the 
escape of the air wh^n the piston rises. This is the only valve 
in this pump, except tfint in the piston, which, as already shown, 
opens to admit the expanded air from the receiver, and force it 

S44. Eipliin bU partB (rf'tbt sir pump \>j Fig. I9S. 




out Ett tlie upper valve. To tbe dome cap, above the valve, n 
Gtted a curved tulie, leading to the cistern, F ; its use is to re- 
ceive the na£te oil which may escape from that used to lubricate 
the piston. Th ■ globular hell-sUui, or receiver, L, is fitted by 
grinding to the ijnisa plate on which it stands ; the barometer 
gauge, &, contains mercury, and comraunicatea with tlie tube 
leading from the barrel to the receiver ; this shows by ita scale 
what proporijon of air ia eshauated from the receiver ; within 
the recover there is seen a protuberance, showing the end of 
the exhausting tube, and into which may be screwed receivers 
or tubes for various experiments. 

545. UpwiRD Atmobph«rio Prebborb. — The atmosphere, 
u we have seen, presses in every direction. Its upward pressure 
it ahown by the apparatus. Fig. 123. 

It consists of a hand ait pump, o, with a valve opening up- 
ward, not shown. This pumpia attached to a cyUnder of lai^^er 
Bize, S, in which is the piston, c, to which a SB-lb. weight is 
attached by a cord. Tliis piston must bo air-tight, and at the 
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lower part of the cylinder when no. iflB^ 

the experiment begins. Now, 
on working the pump, a vacu- 
mn is formed between the pis- 
tons in the cylinder 6, and con- 
sequently the pressure of the 
air on the under part of c, the 
cylinder being open, forces it 
upward, drawing the weight 
with it On admitting the air 
into the large cylinder, from 
above, the weight instantly de- 
scends, showing that it is the 
pressure of the atmosphere 
from below which sustained 
the weight 

546. I. K a withered apple 
be placed under the receiver, 
and the air is exhausted, the 
apple will swell and become 
plump, in consequence of the 
expansion of the air which it contains within the skin. 

11. Ether, placed in the same situation, soon begins to boil 
without the influence of heat, because its particles, not having 
the pressure of the atmosphere to force them together, fly on 
with so much rapidity as to produce ebullition. 

ni. K a bladder partly filled with air, and the neck well se- 
cured, has the external air exhausted, that within will so expand 
as to burst the membrane. 

rV. K a flask partly filled with water, be placed, with its 
neck in a jar of the same fluid, under the receiver, the rarefied 
air within the flask will drive the water out, but it will rush in 
again when the air is again let into the receiver. 

V. If a burning taper be placed under it, the flame soon 
ceases for want of oxygen to support it. For the same reason 
no light is seen fi'om the collision of flint and steel in a vacuum. 

VI. If a bell be struck under the receiver, the sound will 
grow faint as the air is exhausted, until it is no longer audible. 
See Acoustics, 

647. Magdehurgh Hemispheres. — One of the most striking 



546. Why does an apple placed in the exhausted receiver grow plump 1 Why does 
ether boil in the same situation 1 Why does flame ceaie in a vacuum 1 Why is • 
l>efl Inaudible in a vaeuum 1 547. Describe the Magdoburgh hemispheres. 
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illustrations of atmospLeric pressiire is 
made by menna of the bofore named ia- 
atniiuent, Fig. 124. It consists of two 
hemispheres of brass, A and B, fitted to 
each other by grinding, so that when put 
together they perfectly exclude the air. 
When put together without preparation, 
or in the usual manner, they hold no 
stronger tban the parta of a snutT-box; 
but when the air is exhausted from within, 
it will take two strong men, if the diam- 
eter of the hemispheres are six inches, to 
pnll them apart. The air is exhausted b_ 
unscrewing the lower handle and connect- 
ing thfit part with the exhausting tube of 
the air pump, and then by turmng the 
key its return is prevented. 

648. The amount of force required to 
Heparata them, will of course depend on 

tieir diameter and may be calculated by ■**W<*"'-*-* ^mit^tmt^ 
estimating the pressure to be equal to fif- 
teen pounds fur every square inch of eur&ce, this, aa we hara 
Been, (636,) being the pressure of the atmosphere. 

649. The same principle is involved no. is, 
when a piece of wet leatber, with a 
string in the center, ia pressed on a 
smooth stone, and then pulled by the 

550. Esi' ANSI ON Fountain. — Avery 
pretty experiment is made, with the 
air pump, by means of the apparatus, 
Fig. 125. 

It consists of two glass globes, the 
upper one, n, being open at the top, 
and flimished with a stop-cock and jet 
tube, reaching nearly to the bottom of 
the lower globe. 

The lower one, being nearly filled 
with some colored liquid, the upper 
one, with the jet, is screwed to it, as 
seen in the figure. 
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Hiiif prepared, they are placed under the receiver of the 
pump, and as the air is exhausted, that contained in the lower 
globe expands, and forces the liquid through the tube into the 
upper globe. On admitting the air into the receiver, the fluid 
again returns into the lower one, and this may be repeated anj 
number of times, affording a very interesting experiment. 
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561. The opera tion of the condenser is the reverse of that of the 
air pump, and is a much mxyre simple mxicldne. The air pump, 
as we have just seen, will deprive a vessel of its ordinary quan- 
tity of air. The condenser, on the contrary, will double or 
treble the ordinary quantity of air in a dose vessel, according to 
the force employed. 

This instrument, Ftg. 126, consists of a pimip- 
barrel and piston. A, a stop-cock B, and the vessel 
C, furnished witb a valve opening downward. 
The orifice, D, is to admit the air, when the pis- 
ton is drawn up to the top of the barrel. 

662. To describe its action, let the piston be 
above D, the orifice being open, and therefore the 
instrument filled with air, of the same density as 
the external atmosphere. Then, on forcing the 
piston down, the air in the pump-barrel, below 
the orifice D, will be compressed, and will rush 
through the stop-cock, B, into the vessel C, where 
it will be retained, because, on again moving the 
piston upward, the elasticity of the air will close 
the valve through which it was forced. On draw- 
ing the piston up again, another portion of air 
will rush in at the orifice D, and on forcing it Condenser. 
down, this will also be driven into the vessel C ; 
and this process may be continued as long as suflScient force is 
applied to move the piston, or there is sufficient strength in the 
vessel to retain the air. When the condensation is finished, tlie 
Btop-cock B may be turned, to render the confinement of the air 
more secure. 

653. Air Gun. — The magazines of air guns formerly con- 
sisted of a copper ball, which after being charged with condensed 
air, was screwed to the barrel, presenting an unseemly and in- 



661. How does the condenser differ from the air pump ? 652. Explain Fig. 126, and 
•bow In what manner the air is condensed. 653. Explain the prmcipls of the air 
fan. 
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convenient appendage. That here described, 
is a more recent aud greatly improved ii 
ion. 

In this, the breach of tlie gun is made of 
copper, and without much increasing the size, 
answers for the magazine, whiJe the barrel 
tervea as the tube of tite condenser. 

554. At A, Fig. 127, the barrel ia screwed 
>n to the breach, in which the air is condensed, 
ly means of the piston, rod, and handle, aa 
ihown by tbe figure. 

The piston is then withdrawn, the condensed 
lir being prevented from escape by the valve, 
opening outward, aa shown by the figure. 

The ball being introduced, is fired by pull- 
ing back the trigger, which opens the valve, 
and allows a portion of the air to escape. 

The velocity and force of the ball will de- 
pend on the amount of condensation in the 
magazine, and the smaller the tube and piston 
I by which this is made, the greater of course 
inll be the density of the confined air, and the 
[ more powerful the force by which the ball ia 
I impelled. Where the piston is no more than 
) half or three quarters of an inch in diameter, 
is said the ball will have a force not much 
[ short of that of a musket-shot. 

Sfifi. Sottle'Imp. — A curious philosophical Air ffun. 

i toy, called the £otlle Imp, shows in a very 
f Btriking manner the effects of condensing a small portion of air. 
Procure a glass jar, with a neck, as represented by Fij. 128, 
C also a piece of India rubber, and a string to secure it over the 
I mouth of the jar, so that it shall be perfectly air-tight. Next, 
I take a piece of glass tube, about three-eighths of an inch in 
|. diameter, and with a file cut off pieces an inch long, and into 
and of each put a cork stopper of such size as to make ulost 
l«f the oork swim on the surface when tlie tube is placed in the 
F«ater. The tubes must now be partly filled with water, so that 
E tliey will just balance themselves in the fluid without sinking, 
■jhe air rein^ning in their upper halves. 
Having prepared the tubes with their corks in this manner, 
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and phced them in the jar nearly filled with water, 
tie on t&e rubber cap with a good long string, so 
that no mi can eacape, and thig httle apparatus is 
finished* 

Now press upon tiie rubber with tbe hand, and 
the floating tubes will inunediatelj begin to de- 
scend, and will strilie the bottom of the jar, one 
after the other, with an audible stroke, and will 
rise again when the pressure ceases. 

Many a philoeoplutial head, on seeing this ex- 
periment for the first time, has been puzzled to 
assign any cause why these httle objects should &U 
and rise in this manner, the hand not going near 
them, there being sereral inches of air between the 
cap and the water. 

556. The explanation will be obvious on setting 

the jar between the light and the eye, and watch- ^ 

ing a tube when the pressure is made, for the wa- 
ter will be seen to rise in it at the moment it begins to fall, and 
nnk agun as it rises, llie pressure of the hand is transmitted 
through the elastic mbber and tai, to the water, and so to the 
ur in the tube, which being thus condensed, takes in more wa- 
ter than its buoyancy can sustain, and it sinks — rising t^ain 
when the air is idlowed to expand, and drive out the water. 



fi57. The Barometer m an instrum^it which, hy meant of a 
eoluma of mercury in a glass tube, shows, hy its elevation and 
depression, the different degrees of atmospheric pressure. 

658. Suppose A, Fig. 12fl, to be a long tube, with the piston 
B so nicely fitted to ita inside, as to work air-tight. If the 
lower end of the tube be dipped into water, and the piston 
drawn up by pulhng at tie handle C, the water will follow the 
piston so closely, as to be in contact with ita surface, and ap- 
parently to be drawn up by the piston, as though the whole 
was one solid body. If the tube be thirty-five feet long, the 
water will continue to follow the piston, until it comes to the 
height of about thirty-three feet, where it will slop. 

559. If the piston be drawn up still further, the water will 

•ore,' 66^ Whant'thetaroDider ""ess" eumose'lhJ^i'bf, FlK^'lKl'lotlnrai w«li 

brwTu"li««*urfoUoi^iie°plBton^ m. What w'^^u'rEinrin'ln Ihc'lnbcbeLwcenUw 
pWnnuid UwnMer, aner the piston riHa hifbcr thiiD iTilnj 'hmleetl 
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not foflow it, but will remain stationaiy, the 
space from this height, between the piston and 
the water, being left a void space or vacuum 

660. The rising of the water in the above 
case, which only involves the principle of the 
common pump, is thought by some to be caused 
by suciioHy the piston Slacking up the water as it is 
drawn upward. But according to the common 
notion attached to this term, there is no reason 
why the water should not continue to rise above 
the thirty-three feet, or why the power of suc- 
tion should cease at that point, rather than at 
any other. 

601. Without entering into any discussion 
on the absurd notions concerning this power, it 
is sufficient here to state, that it has long since 
been proved, that the elevation of the water, in 
the case above described, depends entirely on 
the weight and pressure of the atmosphere on 
that portion of the fluid which is on the outside 
of the tube. Hence, when the piston is drawn 
up under circumstances where the air can not 
act on the water around the tube, or pump- 
barrel, no elevation of the fluid will follow. 

562. If an atmospheric pump, or even the suction-hose of a 
fire engine, be inserted into the side of a tight cask filled with 
fluid, all the force of what is called suction may be exerted by 
the pump or engine in vain ; for the liquid will not rise until an 
aperture, admitting the atmosphere, is made in some part of the 
cask. It may be objected that wells, though covered several 
feet deep with earth, still admit water to be drawn from them 
by pumps, with all the facility of those which are open. But it 
must be remembered that the ground is porous, admitting the 
atmosphere to an unknown depth from the surface, and hence 
wells can not be covered by any common means so as to ex- 
clude sufficient atmospheric pressure for the purpose in question. 
That the pump will not raise water without the influence of the 
atmosphere, will be seen by the following experiment. 

503. Proof that the Pump acts by External Pressure. — 
Sap2)ose Fig, 130 to be the sections or halves, of two tubes, one 

660. What is cummonly supposed to make the water rise in such cases? Is there 
any reason wliy the suction should cease at thirty-three feet 1 561. What is the true 
cause of the elevation of the water, when the pistou, Fig. 129, is drawn «p 1 662. 
WiU the suction- hose of a fire-engine raise water from a tight cask 1 
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widiin tLe other, the outer one being made en- 
ijielj clofie, bo as to admit no air, and the apace 
between the two being oIbo made air-tight at the 
top. Sappoee, also, that the inner tube being left 
open at die lower end, does not reach the bottom 
of the outer tube, and thus that an open space be 
left between the two tubes every where, except at 
their upper ends, where they are &stened to- 
gether; and suppose that there is a valve is the 
piston, opening upward, so as to let the air which 
it cont^ns escnpe, but which will close on draw- 
ing the piston upward. Now, let the piston be 
at A, and in this state pour water througb the 
stop-cock, C, until the inner tube is filled up to 
the piston, and the space between the two tubes 
filled up to the same point, and then let tiie stop- 
cock be closed. If now the piston be drawn up 
to the top of the tube, the water will not follow 
it, as in the case of S'ig. 129 ; it will only rise a 
few inches, in consequence of the elasticity of the 
air above the water, between the tubee, and in 
the space above the water, there will be formed a 
vacuum between the water and the piston, in the 

iTie reason why the result of this experiment differs from that 
before described, is, that the outer tube prevents the pressure of 
the atmosphere &om forcing the water up the tube as the piston 
rises. Tha may be instantiy proved, by opening the stop-cock 
C, and permitting the aii to press upon the water, when it will 
be found, that as the air rushes in, the water will rise and fill 
the vacuum, up to the piston. 

C64. For the same reason, if a common pump be placed in a 
cistern of water, and the' water is frozen over on its surface, bo 
that no air can press upon the flujd, the piston of the pump 
might be worked in vain, for the water would not, as usual, 
obey its motion. 

5Cd. It follows, as a certain conclusion from such experi- 
ments, that when the lower end of a tube is placed in water, 
and the air from within removed by drawing up the piston, 
that it- is the pressure of the atmosphere on the water around 
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the tube, which forces the fluid up to fill the space thus left 07 
the air. 

666. It is also proved, that the weight, or pressure of the at- 
mosphere, is 6qual to the weight of a perpendicular column of 
water 33 feet high, for it is found (Fig, 129) that the pressure 
of the atmosphere will not raise the water more than 33 feet, 
though a perfect vacuum be formed to any height above this 
poiut 

667. Experiments on other fluids, prove that this is the 
weight of the atmosphere, for if the end of* the tube be dipped 
in any fluid, and the air be removed from the tube, above the 
fluid, it will rise to a greater or less height than water, in pro- 
portion as its specific gravity is less, or greater than that fluid. 

568. Mercury^ or quicksilver^ has a specific gravity of about 
13^ times greater than that of water, and mercury is found to 
rise about 29 inches in a tube under the same circumstances that 
water rises 33 feet Now, 33 feet is 396 inches, which being 
divided by 29, gives nearly 13^-, so that mercury being 13^ 
times heavier than water, the water will rise imder the same 
pressure 13^^ times higher than the mercury. 

669. Construction of the Barometer. — 
The barometer is constructed on the princi- 
ple of atmospheric pressure. This term is 
compounded of two Greek words, baros^ 
weight, and matron, measure, the instrument 
being designed to measure the weight of the 
atmosphere. 

Its construction is simple and easily un- 
derstood, being merely a tube of glass, nearly 
filled with mercury, with its lower end placed 
in a dish of the same fluid, and the upper 
end furnished with a scale, to measure the 
height of the mercury. 

670. Let A, Fig, 131, be such a tube, 
thirty- four or thirty-five inches long, closed 
at one end, and open at the other. To fill 
the tube, set it upright, and pour the mer- 
cury in at the open end, and when it is en- 
tirely full, place the fore-finger forcibly on 



FIG. 131. 




Barometer, 



666. How is it prored that the pressure of the atmosphere is equal to the weight o. 
• column of water 33 feet high 1 567. How do experiments on other fluids show that 
the pressure of the atmosphere is equal to the weight of a column of water 33 feet 
highl 568. How high does mercurv rise in an exhausted tube? How does the 
height of mercury in the barometer indicate that of water? 

7* 
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ihia end, and then plunge the tube and finger under the surfk^ 
of the mercury, before prepared in the cup, B. Then withdraw 
the finder, taking care that in doing this, the end of the tube la 
not raised above the mercury in the cup. When the finger 
is removed, the mercury will de.scend four or ^ve inches, and 
after several vibrations, up and down, will rest at an elevation 
of 29 or 30 inches above the surface of that in the cup, as at C. 
Hamg fixed a scale to the upper part of the tube, to indicate 
the rise and fall of the mercury, the barometer would be fin- 
ished, if intended to remain stationary. It is usual, however, to 
have the tube inclosed in a mahogany or brass case, to prevent 
its breaking, and to have the cup closed at the top, and rastened 
to the tube, so that it can be transported without danger of 
spilling the mercury. 

671. Cup of the Portable Barometer, — ^The cup of the port- 
able barometer also differs from that described, for were the 
mercury inclosed on all sides, in a cup of wood, or brass, the air 
would be prevented from acting upon it, and therefore the in- 
strument would be useless. To remedy this defect, and still 
have the mercury perfectly inclosed, the bottom of the cup is 
made of leather, which, being elastic, the pressure of the atmos- 
phere acts upon the mercury in the same manner las though it 
was not inclosed at all. 

672. Below the leather bottom, there is a round plate of 
metal, an inch in diameter, which is fixed on the top of a screw, 
so that when the instrument is to be transj)orted, by elevating 
this piece of metal, the mercury is thrown up to the top of the 
tube, and thus kept from playing backward and forward, when 
the barometer is in motion. 

573. A person not acquainted with the principles of this in- 
strument, on seeing the tube turned bottom upward, will be 
perplexed to understand why the mercury does not follow the 
common law of gravity, and descend into tlie cup ; were the 
tube of glass 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder would 
be still greater. But as philosophical facts, one is no more 
wonderful than the other, and both are readily explained by tho 
principles above illustrated. 



669. What is the principle on which the barometer is constructed? 570. Describe 
the construction of the barometer, as represented by Fig. 131. 671. How is the cup 
of the portable barometer made so as to retain the mercury, and still allow the air to 
press upon it 1 572. What is the use of the metallic plate and screw, under the bot- 
tom of the cup ? 573. Explain the reason why the mercury does not fail out of the 
barometer tube when its open end is downward. 
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574. "Water Barometer. — It has already been shown, (563,) 
that it is the pressure of the atmosphere on the fluid around 
the tube, by which the fluid within it is forced upward, wheic 
the pump is exhausted of its air. The pressure of the air, we 
have also seen, is equal to a column of water 33 feet high, or 
of a column of mercury 29 inches high. Suppose, then, a tube 
33 feet high is filled with water, the air would then be entirely 
excluded, and were one of its ends closed, and the other end 
dipped in water, the effect would be the same as though both 
ends were closed, for the water would not escape, unless the air 
was permitted to rush in and fill up its place. The upper end 
being closed, the air could gain no access in that direction, and 
the open end being under water, is equally secure. The quan- 
tity of water in which the end of the tube is placed, is not essen- 
tial, since the pressure of a column of water, an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. 

51 5. The same happens to the barometer tube, when filled 
with mercury. The mercury, in the first place, fills the tube 
perfectly, and therefore entirely excludes the air, so that when 
it is inverted in the cup or cistern, all the space above 29 inches 
is left a vacuum. The same effect precisely would be produced, 
were the tube exhausted of its air, and the open end placed in 
the cup ; the mercury would run up the tube 29 inches, and 
then stop, all above that point being left a vacuum. 

576. The mercury, therefore, is prevented from falling out 
of the tub«, by the pressure of the atmosphere on that which 
remains in the cistern ; for if this be removed, the air will enter, 
while the mercury will instantly begin to descend. This ip 
called the cistern barometer. 

677. Wheel Barometer. — In the common barometer, the 
rise and fall of the mercury is indicated by a scale of inches, and 
tenths of inches, fixed behind the tube.; but it has been found 
that vftry slight variations in the density of the atmosphere are 
not readily perceived by this method. It being, however, de- 
sirable that these minute changes should be rendered more 
obvious, a contrivance for increasing the scale, called the wheel 
barometer, was invented. 

674. How high does the fluid stand in the water barometer 7 676. What filla the 
nace above 29 inches, in the barometer tube 1 676. What prevents the mereary 
Worn falling out of the barometer tube? 677. In the common barometer, bow is the 
rise and fall of the mercury indicated ? Why was the wheel baromoter VKveoMi'l ^ 
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J>78. The vhole lengtb c^ the tube of tbo 
wh«;I barometer, Fig. 132, from C to A, ia 84 
or 3fi inchcH, and it is filled with mercmy, as 
uaiial. The mercury rises in the Eboit leg to 
the ]>oint o, wliere tlicro is a Bmall meoe c^ 
gloM flouting on its surface, to whicn ibers 
is nttnehed a xilk string, passing over the pul- 
ley fi. To ttio uxia of the pulley is fixed an 
imh'X, or hand, and behind thia is a graduated 
cJR-hi, M noon in the figure. It is obvious, thst 
ft very itlight variation in the height of the 
niriruTy nt t>, will bo indicated by a considera- 
ble motioii of the index, and thus changes in 
tlie wi'ight of the attnosplicre, hardly percepti- 
ble by the common barometer, will beo^ne 
(luile (i)>]Nin'nt by tliU. 

Oil). JlriffhU Meamreilhij the Barometer. — 
Thn miTi-nry in the l>arometcr tube being sua- 
tjiini'd by tJie iiressnro of the atmosphere, and tfWs 
itM ini'iliuni nlutudo at the surface of the earth 
iMiiiig ^I) to no indiOK, it might be expected that if the instm- 
uieiit WM carried to a height from the earth's surface, the mer- 
rury wmild Niifli>r n proportionate fall, because the pressure must 
\y« lew at a diHlitneu from the cartli, tlinn at -its surface, and ex- 
[lerinii'iit jiroviw tliiH to bo the case. When, therefore, this 
iiiHtriiniPnl in elevnti<<l to any considerable height, the descent 
of the miireiiry InHHuiies iK'rt'eplible. Even when it is carried 
to till! toll iif n hill, or liiprli tower, there is a sensible depression 
<if llix fluid, w> that the barometer is employed to measure the 
lii'iglit of uiounlnins aii<l the elovatiun to whicli balloons asci^nd 
tn\m tliii HurfiiiHi of the eiirlli. On the top of Mont Dlaric, 
wliii'h i« ainmt 1(1,000 foot alH)vc the level of the sea, the me- 
diiiiii I'li-vrition i>r tlia lueriairy in the tube is only 14 inches, 
whili> <iu the suriiu'o of the earth, as above sUtcd, it is 29 lo 
^0 in.'lu's. 

f)80. Dimiiiation of Density. — Tlie following table shows iJ 
vliid ratii the iitinodplicro decreases in denuty, as indicated by 
tliu liaroineler. A part of these numbers are from actual ( b- 
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servations made from ascents in balloons, and a part from esti- 
mates. The medium pressure of the atmosphere, at the level 
of the sea, is estimated at 30 inches, and is expressed by 0. 



BEIGHT IN MILES. 


PR28SURR. 


TEMPERATURE. 




Inches. 


Fahr. 





30.00 


60.0 


1 


24.61 


35.0 


2 


20.07 


19.5 


3 


liL35 


3.4 


4 


13.06 


13.3 . 


5 


10.41 


30.6 


10 


2.81 


126.4 


15 


.45 


240.6 



Thus, according to this estimate, at the height of fifteen miles, 
the mercury falls to less than half an inch, while the cold is 
equal to 240 degrees below the zero of Fahrenheit. 

681. Principles of the Barometer applied to the Water 
Pump. — As the efficacy of the pump depends on the pressure 
of the atmosphere, the barometer will always indicate the height 
to which it can be eflfectual at any given place. Thus, on Mont 
Blanc, where the barometer stands at only 14 inches, being less 
than one-half its height on the sea level, the water pump would 
only raise the fluid about 15 feet. Hence, engineers and others, 
who visit elevated countries, should calculate by the barometer, 
from what depth they can raise water by serial pressure, before 
they erect works for this purpose. 

At the city of Mexico and at Quito, for instance, the suction 
tube can only act to the depth of 22 or 20 feet, while on the 
Himalay mountains its rise will be only about 8 or 10 feet 

582. Use as a Weather Glass. — While the barometer 
stands in the same place, near the level of the sea, the mercury 
seldom or never falls below 28 inches, or rises above 31 inches; 
its whole range, while stationary, being only about 3 inches. 

583. These changes in the weight of the atmosphere, indi- 
cate corresponding changes in the weather, for it is found, by 
watching these variations in the height of the mercury, that 
when it falls, cloudy or falling weather ensues, and that when 

581. How high will the pump raise water on Mont Blanc? To what height in 
Mexico and Quito 1 582. How many inches does a fixed barometer vary in height 1 
683. When the mercury falls, what kind of weather is indicated 1 When the mer- 
cury ilses, what kind of weather mav be expected? When fog and smoke descenJ 
towara the ground, is it a vign of a light or heavy atmosphere 1 
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it rises, fine clear weather may be expected. During the time 
when the weather is damp and lowering, and the smoke 61 
chinmeys descends toward the ground, the mercury remains de- 
pressed, indicating that the weight of the atmosphere, during 
such weather, is less than it is when the sky is clear. Tliis con- 
tradicts the common opinion, that the air is the heaviest when 
it contains the greatest quantity of fog and smoke, and that it 
is the uncommon weight of the atmosphere which presses these 
vapors toward the ground. 

584. A little consideration wi]^show, that in this case the 
popular belief is erroneous, for not only the barometer, but all 
the experiments we have detailed on the subject of specific grav- 
ity, tend to show that the lighter any fluid is, the deeper any 
substance of a given weight will sink in it Common observa- 
tion ought, therefore, to correct this error, for every body knows 
that a heavy body will sink in water, while a %ht one will 
swim, and by the same kind of reasoning ought to consider, 
that the particles of vapor would descend through a light atmos- 
phere, while they would be pressed up into the higher regions 
by a heavier air. 

685. The following indications of the barometer with respect 
to the weather, may be depended on as correct, being tested by 
the observations of the author : — 

I. In calm weather, when the wind, clouds, or sun, indicate 
approaching rain, the mercury in the barometer is low. 

II. In serene, fine, settled weather, the mercury is high, and 
often remains so for days. 

ni. Before great winds, and during their continuance, from 
whatever quarter they come, the mercury sinks lowest, and 
especially if they come from the south. 

IV. During the coldest, clear days, when a gentle wind from 
the north or west prevails, the mercury stands highest. 

V. After great storms, when the mercury has been lowest, it 
rises most rapidly. 

VI. It often requires considerable time for the mercury to 
jGfain its wonted elevation after a storm ; and on the contrary, 
it sometimes rains without the usual corresponding change in 
its altitude. 

VII. In general, whether there are any appearances of change 
in the horizon or not, we may prognosticate rain whenever the 
mercury sinks during fine weather. 



664. By what analogy is it shown that the air is lightest when filled with va^por 1 
B86. Mention the indications of the tmrometer concerning the weather. 
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Vin. When it rains with the mercury high, we may be sure 
that it will soon be fair. 

586, Usjfi AT Sea. — ^The principal use of the barometer, is on 
board of ships, where it is employed to indicate the approach 
of storms, and thus to give an opportunity of preparing accord- 
ingly ; and it is found that the mercury suffers a most remark- 
able depression before the approach of violent winds, or hurri- 
canes. The watchful captain, particularly in southern latitudes, 
is always attentive to this monitor, and when he observes the 
mercury to sink suddenly, takes his measures without delay to 
meet the tempest During a*violent storm, we have seen the 
wheel barometer sink a hundred degrees in a few hours. 

68T. Preservation by the Barometer. — But we can not illus- 
trate the use of this instrument at sea better than to give the 
following extract from Dr. Arnot, who was himself present at 
the time. " It was," he says, " in a southern latitude. The sun 
had just set with a placid appearance, closing a beautiful after- 
noon, and the usual mirth of the evening watch proceeded, 
when the -^Aptain's orders came to prepare with all haste for a 
storm. The barometer had begun to &11 with appalhng ra- 
pidity. As yet, the oldest sailors had not perceived even a 
threatening in the sky, and were surprised at the extent and 
hurry of the preparations ; but the required measures were not 
completed, when a more awful hurricane burst upon them than 
the most experienced had ever braved. Nothing could with- 
stand it ; the sails, already furled, and closely bound to the 
yards, were riven into tatters ; even the bare yards and masts 
were in a great measure disabled ; and at one time the whole 
rigging had nearly fallen by the board. Such, for a few hours, 
was the mingled roar of the hurricane above, of the waves 
around, and the incessant peals of thunder, that no human voice 
could be heard, and amidst the general consternation, even the 
trumpet sounded in vain. On that awiul night, but for a little 
tube of mercury which had given the warning, neither the 
strength of the noble ship, nor the skill and energies of her 
commander, could have saved one man to tell the tale." , 

WATER PUMPS. 

688. Tlie efficacy of the common pump in raising watery de^ 
pends upon the force of atmospheric pressure, the principles of 

686. Of what use is the barometer on board of ships? When does the merearr 
taffer the most remarkable depression 7 687. What remarkable instance is stated, 
^here a ship seemed to be saved by the use of the barometer ? 588. On what doei 
the efficacy of the common pump depend 1 
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wAtcA have been fully illustrated wader the artielee. Air Pv .. 
and Barometer, 

589. An ezperiment, of vhjcb few are ignorant, and vhich 
all can make, showa the principle of the pninp in & very stnk 
ing manner. If one end of a straw be dipped into a vessel cf 
liquid, and the other and be sucked, the liquid will rise into the 
moutli, and may be swallowed. 

The principles which this experiment involves are exactly the 
same as those concerned in raising water by the pump. The 
vessel of liquid answers to the well, the straw to the pump log, 
and the mouth acts as the pistoi^ by which the air is removed. 

Water pumps are of three kinds, namely, the sucking, or com- 
mon pump, tlie lifting pump, and the forcing pump, 

690. Common Metaluo 
Pomp.— This {Fig. 133,) no. iss. 

consists of a brass or iron bar- 
rel, A, containing at its up- 
per part a hollow piston and 
valve, opening upward. Bo- 
low this there is another 
valve, also opening upward. 
The pipe and stop-twck C, 
are for the purpose of letting 
the water from the barrel to 
the tube, which descends info 
the well. 

The action of this pump 
depends on the pressure of 
the atmosphere, and will be 
readily understood by the 
pupil who has learned what 
IS said under the articles air 
pump and barometer. 

591. On raising the lever, 
D, the piston, A, descends 
down the barrel, the lower 
valve, B, at the same mo- 
ment closing by the weight 
of the water, while the up- 

Howmaoy fctSlDf'pumpB'sre'ni'emloU^"' ^! vJhich'Eind l>lhe™mmoiIT°fffr 
•cribe theoimmnnpgnip. Explain how Ihe common pump eels. 691. Whw llw 
ner ip mEed,whU laL« pkce Id the pinnp-burtl < When It lideprmed, wbit 
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pRT one opens and lets the water through. Then, on deprees- 
vig the lever, the piston riBea, ite valve closing, and elevating 
the water above it By this action a vacuum would be fermed 
between the two valves, did not tlie tower one open and admit 
the water through tiie pipe above it The lever ^ain beins 
worlied, the same process is repeated, and the water is elevateil 
to the spout in an interrupted stieam. 

The tube, with the stop-codt C, leading from the barrel to 
the pipe, is added for the purpose of letting the water eac3]ia 
from the former in cold weather, and thus prevent its freezing. 

592, Although, in common language, this is called the auc- 
tien pump, stall it will be observed that the water is elevated 
by auclicm, or, in more philosophical terms, by atmospheric 
pressure, only above the valve A, after which it is raised by lift- 
tnr/ up to the spout The water, therefore,,ia pressed into the 
pump-barrel by the atmosphere, and thrown out by tlie power 
(^ the lever. 

593. Lirrnia Pump. — The na nt 
lifting pump, properly so called, 
has the piston in the lower end 
of the barrel, and raises the 
water through the whole dis- 
tance, by forcing it upward, 
without the agency of the at- 
mosphere. 

In the tucUon pump, the 
pressure of the atmosphere will 
raise the water 33 or 84 feet, 
and no more, after which it 
may be lifted to any height re- 
quired. 

694. Forcing Pump.— The 
foreing pump differs from both 
these, in having its piston solid, 
or without a valve, and also in 
having a side pipe, through 
which the water is forced, in- 




lar direction, as in the others. 
596. The farcing pump is 
represented by ^iff. 134, where A ii 
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a solid piston, working 
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air-tight in its barrel. The tube, C, leads from the barrel to 
the air-vessel, D. Through the pipe, P, the water is thrown 
into the open air. G is a guage, by which the pressure of th« 
water in the air-vessel i& ascertained. Through the pipe I, the 
water ascends into the barrel, its upper end being mmished 
with a valve opening upward. 

To explain the action of this pump, suppose the piston to be 
down to the bottom of the barrel, and then to be raised upward 
by the lever L ; the tendency to form a vacuum in the barrel, 
will bring the water up through the pipe I, by the pressure of 
the atmosphere. Then, on depressing the piston, the valve at 
the bottom of the barrel will be closed, and the water, not fad- 
ing admittance through the pipe, whence it came, will be forced 
tbjTough the pipe C, and opening the valve at its upper end, 
will enter into the air-vessel D, and be discharged through tho 
pipe P, into the open air. 

The water is tiierefore elevated to the piston-barrel by the 
pressure of the atmosphere, and afterward thrown out by the 
force of the piston. It is obvious, that by this arrangement^ 
the height to which this fluid may be thrown, will depend on 
the power applied to the lever, and the strength with which the 
pump is made. 

696. The air-vessel D contains air in its upper part only, the 
lower part, as we have already seen, being filled with water. 
The pipe P, called the discharging pipe, passes down into the 
water, so that the air can not escape. The air is therefore com- 
pressed, as the water is forced into the lower part of the vessel, 
and reacting upon the fluid by its elasticity, throws it out of the 
pipe in a continued stream. ■ The constant stream which is 
emitted from the direction pipe of the fire-engine, is entirely 
owing to the compression and elasticity of the air in its air-ves- 
sel. In pumps, without such a vessel, as the water is forced 
upward ooly while the piston is acting upon it, there must be 
an interruption of the stream while the piston is ascending, as 
in the common pump. The air-vessel is a remedy for this de- 
fect, and is found also to render the labor of drawing the water 
more easy, because the force with which the air in the vessel 
acts on the water, is always in addition to that given by the 
force of the piston. 

596. Explain Fi?. 134, and show tn what manner the water is brought up through 
the pipe 1, and afterward thrown out at the pipe P. 596. Wh^ does not the air es- 
cape irom the air-vessel in this pump 7 What effect does the air-vessel have on the 
stream discharged 1 Wliy does the air-vessel render the labor of raising the water 
more easy % 
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'oaoiNG PUMP.- 
,d forcing pumps 



, Atmosphbuic aki 
biuatioD of the atmospheiii 
Fiff. 135. 

The atmospheric^ is furniahed with a rod 
and pisfoij, with the valve C, opening in the 
UBual manner. The forcing piston B, ia of 
Bijlid metal, working water-tight in its har- 
rel. The barrels are joined below the valve 
1), tlieii pistons being also connected, by a 
cro38-bar, A, hetweea tlie rods, so that they 
rise and fall together. 

Now when ijio lever is depressed, and the 
pistons raised, the water above the valve C 
fa discharged at the spout in the manner of 
tlie common suction pump, and the space 
is filled by atmospheric pressure through 
the lower valve I), by tiie stiction pipe. 
When the pistons descend, this valve cioaea, 
and the solid piston B, drives tlie water 
through the valve C, and above that piston 
and to the spout. Tlius one piston operates 
when tlie lever rises, and the other when it 
falls, producing in effect a constant stream 
of water from the spout. 

Id the construction of this pump, it should 
bo considered that as both cylinders are _ 
tilled at the same Ume, the suction pipe An 
ought to be large in proportion. 

598. Stomach Pump. — The design of 
this pump, of which there are several varieties, ia to throw 
fluid into the stomach, and again to withdraw it without chai 
iiig the apparatus, but only its position. In ca-ses of poii 
the contents of the stomach may thus be diluted and withdrai 
including the deleterious matter, and thus tlie life of the ' 
vidual be saved, 

509. That here described is from the Journal of the Franklin 
Institute. It consists of a common metallic syringe. A, Fi^, 
130, screwed to a cylindrical valve-box, B, whidi contains two 
ovoid cavities, in each of which there fa a loose, spherical me- 
tallic valve. The ends of the cavities are pierced, and the val' ' 




^£ii 






1 




fit exactly, either of the orifices. Thus it makes no dii^reoM 
which end of the valve-box is upturned, the valve falling down 
and clo^nj^ the orificea in either direction. The flexible India 
rubber tubes, C D, are attached to the opposite ends of the 
cavitiee. 

Now suppose the then npper tube is introduced into the 
stomach, ana the lower one into a basia of warm water ; in this 
position, on working the syringe the liquid would be injected 
into the stomach, and the poison diluted ; then on reversing the 
position, by turning the syriDge in the hand, without withdraw- 
ing the tube from the stomach, the valvea drop on the other 
orifices, and the water is pumped from the stomach into the 
basin, at represented by the figure. 

This is an interesting and beautdful invention, and no doubt 
has been the instrument of saving many human hves in cases 
of poisoning. 

600. Fire Enoinb.— The jJre engine is a modification of the 
forcing pump. It consists of two such pumps, the pistons of 
which are moved W a lever with equal arms, the common fiil- 
cmm being at C, Fig. 137. While the piston A is descending, 
the other piston, B, ia ascending. The water is forced by tlie 
pressure of the atmosphere, through the common pipe F, and 
then dividing, ascends into the working barrels of each pist'jn, 
where the valves, on both sides, prevent its return. By the 
alternate depression of the pistons, it is then forced into the fur- 
box D, and then, by the direction pipe E, is thrown where it is 




This madiina acta precisely like the forcing pump, 
iHj that its power is doubled, by liaving^wo pistons instead 

601. Rotary Pump. — This is an ancient invention, though 
e than once re-invented and constructed in various forma in 
n times. That here represented, J'iff. 138, according to 
^ r. Ewbank, from whom the cut is taken, is one of the oldest, 
■ well as best, ever constructed. 

[ The design is to produce a continued stream, by simply turn- 
ig a crank, thus converting the piston into cog-whceb, and the 
ertical motion into a rotary one. 

[ Its construction is as follows : Two metallic cog-wheeU, with 
1, are inclosed in a metallic case, so nicely fitted to 
ich other that the water can not escape between them. The 
beth also work so accurately between each other as to retain 
e fluid. The axle of one of the wheels is continued tlirough 
e side of the case to receive the crank by which it is turned, 
le joint being secured by a coUar of leather. 
One side of the case being removed in the figure to show the 
construction, it will be observed that the motion of one wheel 
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FIG. 139. 



win tuTQ die other in the opposite direction, the arrows show- 
ing the coarse of the water. 

Now the wheels being water-tight between themselves and 
both sides of the case, the only vacant spaces for the water are 
those between the cogs, as they revolve, and the diameter of 
the case. 

The machine being put in motion, the water enters the case 
by the suction pipe B, is carried up by the cogs in succession, 
and these being always in contact, it can not escape except at 
the forcing pipe A, where it issues in a continued stream. This^ 
therefore, is a suction and forcing pump in one. 

But the friction is such J)etween the metallic surfi^ces that the 
machine remains perfect only for a short time, nor does it ap- 
pear that the recent improvements in this sort of pump have 

been such as to bring it into general use, and the defects of the 

plan seem to be insuperable. 
602. Fountain OF HiKRO. — ^There 

is a beautiful fountain, called the 

fountain of Miero, which acts by 

the elasticity of the air, and on the 

principle of hydrostatic pressure. Its 

construction will be understood by 

I^p, 139, but its fqpn may be varied 

according to the dictates of fanev or 

taste. The boxes A and B, together 

with the two tubes, are made air- 

tight, and strong, in proportion to 

tlio height it is desired the fountain 

ihould play. 

To prepare the fountain for action, 

fill the box A through the spouting 

tube, nearly full of water. The tube 

C, reaching nearly to the top of the 

box, will prevent the water from 

passing downward, while the spout- 
ing pipe will prevent the air from 

escaping upward, after the vessel is 

about half filhni with water. Next, shut the stop-cook of the 

spouting pipe, and pour water into the open vessel D. This 

will descend into the vessel B, through the tube E, which nearly 

reaches its bottom, so that after a few inches of water are poured 




E 




Hiero'9 FtmnUMlm, 



602. How is the fountain of Hiero constructed 1 On what will the height of the jtl 
irom Hiero'8 fountain depend 1 
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in, no air can escape, except by the tube C, up into the vessel 
A. The air will then be compressed by the weight of the 
column of water in the tube E, and therefore the force of the 
water from the jet-pipe will be in proportion to the height of 
Uiis tube. K this tube is 20 or 30 feet high, on turning the 
stop-cock, a jet of water will spout from the pipe that will amuse 
and astonish those who have never before seen such an experiment. 



CHAPTER YIII. 

HEAT, AND THE LAWS OF ITS ACTION. 

603, In respect to the laws of incidence and reflection^ and 
in many other rejects, the phenomena of light and heat are the 
same. But in respect to transmission, radiation, distribution, 
effects on other substances, both chemical and mechanical, and 
the manner in which it affects our senses, there are, it is weU 
known, great differences, 

DISTRIBUTION OF BEAT. 

604. The rays of heat falling on a body are disposed of in 
three ways. First, they may be reflected, or rebound from the 
surface ; second, they may be absorbed or received into the sub- 
stance of the body ; or third, they may be transmitted, or pass 
through its substance. 

606. Reflection. — Radiant heat, that is, heat flowing from 
any hot body, is like light reflected from polished surfaces, and 
as in light, the angle of reflection is equal to that of incidence. 
Those surfaces, however, which reflect light most perfectly, are 
not always the best reflectors of heat. Thus, ponshed metals 
are the best reflectors of heat, while glass, which reflects light 
most perfectly, is a very imperfect reflector of heat;, thus tin 
plate reflects about eight times as much heat as a glass mirror. 

606. Absorption. — ^Radiant heat is absorbed with very differ- 
ent facilities by bodies and surfaces of different kinds. I'hose 

603. In what respects are action of heat and light the same ? In what respects are 
their phenomena dissimilar 1 604. In what ways are the rays of light diffused 1 606 
What is meant by refleetion of beat 7 606. V^hat by absorption 1 What by radia 
lionl What surfaces reflect heat beat? Gire examples. What sur&ces possess tha 
freatest absorbing powers 1 Examples. 
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Burfaoes wluch radiate most readily, absorb heat with the great- 
est facility, and on the contrary, those surfaces which radiate 
feebly, do not readily absorb heat Thus a plate of tin, if 
painted black, will both absorb, and radiate perfectly ; while, if 
the surface retains its bright metallic polish, it will neither ab- 
sorb nor radiate. Hold the black sur&ce near the fire, and the 
metal will soon become too hot for the fingers ; while the bright 
surface will not become even warm, by the same exposure 
There is also a difierence between culinary heat and that of the 
Bun, with respect to absorption, for if a piece of plate glass be 
held before the fire it soon becomes hot, while every window 
shows by the temperature of the glass, that it does not absorb 
the heat of the sun. 

607. Transmission. — ^Most transparent substances transmit 
heat, that is, allow it to pass through their pores, with more or 
less facility; in this respect, however, experiment proves that 
there are great differences in bodies, where from external ap- 
pearance, httle or none might be expected. Thus, rock-crystal 
transmits heat very perfectly, while alum, though equally trans- 
parent, admits few of the calorific rays, to pass through it. This 
difference is so great, that a piece of smoky, brown rock-crystal, 
which was fifty-eight times thicker than a transparent plate of 
alum, transmitted 19 rays, while the alum transmitted only 6. 
The cause of this remarkable difference is unknown, though 
probably it depends on the ciystaline structure of the two 
substances. 

608. Operation of these Laws. — The general diffusion of heat 
seems to depend on the operation of the above described natural 
laws, and hence it is, that in the same vicinity, two thermome- 
ters graiiuated alike, and equally exposed, always indicate the 
same temperature. 

609. When the sun, that universal source of heat, as well as 
of light, radiaJtes his rays upon the earth, they are absorbed by 
some bodies, and transmitted or reflected by others, according 
to their several powers, or natures. But the great means of the 
general and equal diffusion of heat, is the earth itself, and the 
atmosphere with which it is surrounded. Having absorbed the 
radiant heat of the sun, the ground becomes in its turn, a radiant 
source to all surrounding objects, while the atmosphere acts as 
a per})etual absorbent, rising up from the earth, in proportion 



607. Give examples of the transmission of heat through substances. 608. Whatar* 
the means of the general diffusion of heat 7 609. By what means is it said this law is 
illustrated in rooms] 
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JO the quantity of heat it obt£uns, and again sinking down, in 
cooler places. Thus there is a constant interchange among the 
warmer, and cooler strata of the atmosphere, while currents in 
tlie form of wind, tend to mix these with each other, making 
the temperature, at the same distance from the earth and in the 
sane vicinity every where the same. This law of equal distri- 
tution is strikingly illustrated in rooms warmed by the admis- 
lion of hot air from beneath, for although the register, or place 
cf admission may be in one comer, or through the partition, still 
the temperature in every part of the room, with the exception 
of over the register, is the same. Even rooms, 30 or 40 feet in 
length, and when the air is admitted through only one register, 
and this in a comer, are made equally comfortable throughout, 
by this admirable method. 

THERMOMETER. 

610. Did not the heat diffuse itself as ' above described^ the 
thermometer would he entirely useless^ since several in the same 
vicinity^ though graduated exactly alike, toould indicate different 
temperatures. 

611. The term thermometer comes from two Greek words, 
signifying heat measurer; and its use strictly corresponds to the 
name, being an instmment for comparing the degrees of free 
heat existing in other bodies. This it does by the expansion 
and contraction of a fine thread of mercury, confined in a glass 
tube, having a small reservoir of the same metal at the lower 
end, called the bulb. 

612. Mercury is employed for this purpose for several rea- 
sons ; one is that fluids, as alcohol, occupy too much space ; 
another, that this metal is more uniform in expanding and con- 
tracting than any other substance ; and lastly, it is not liable to 
vaporize in the vacuum in which it is placed, and thus, like 
*iquids, to interfere with its own variation in the stem. 

613. Alcoholic Thermometer. — Although mercury, or 
quicksilver, is the best substance known for the construction of 
uiermometers, and is that universally employed in temperate 
climates, yet it is objectionable in extreme, or polar latitudes, 
on account of its liability to freeze. In Siberia, and other north- 
era inhabited regions, where the cold is often down to — 40° of 
F'ahrenheit*s scale, alcoholic thermometers are of necessity em- 



610. What is said of the use of the thermoineter withont an equal difftasion of hrati 
m. What doM thermometer mean 1 612. Why is mercury used In thermome^^ra n 
preference to liquids 1 613. Why are alcoholic thermometers used 1 

8 
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ployed, since at that point mercury becomes solid by freeziug, 
aiid therefore useless. These thermometer tubes are much 
longer than ordinary, since alcohol expands in a greater propor- 
tion than mercury by the same increment of heat 

614. Different Mercurial Thermometers, — There are three 
thermometers in general use, namely, Falirenheifgj which is 

Red in England, and in this country ; the Ceniifirade, con- 
structed by Celsius, which is generally used in France ; and 
Reaumur'a thermometer, adopted in Germany. 

615. Fahrenheit^ (Fah.)—\xi this the intermediate space be- 
tween the freezing and boiling points is divided into 180 de- 
grees; the freezing being marked 32*^, and the boiling 212®. 
This scale was invented by Fahrenheit, from an erroneous belief 
that 32 of these divisions below the freezing point of water, 
which is therefore on the scale, indicated the zero^ or greatest 
degree of cold. But he afterward discovered his error, and his 
instrument being in use, corrected it as far as possible, by add- 
ing a series of descending degrees below his zero, prefixing to 
them the sign — , or minus, that is, below zero. 

616. Centigrade^ (Cent.) — It is also sometimes indicated by 
Cel, for the name of the inventor. It consists of an arrange- 
ment of the scale, in which the freezing point is marked 0, or 
zero^ and the boiling point is marked 100°. This is a more 
convenient scale than the other, the freezing and boiling points 
being even numbers, and all below the former — minus. 

61*7. Reaumur^ (Reau.) — In this the freezing point, as in 
the last, is marked 0, while the boiling point, instead of being 
100°, is marked 80°. The degrees are continued both above 
and below these points, those below being negative or minus, 
as in the others. 

These Thermometers Compared. — In books of foreign travels, 
where the author adopts the thermometer of the country he de- 
scribes, the reader is often perplexed to know what degrees of 
temperature are indicated according to his own scale, by what 
he reads. Figures are therefore added of each, Fig. 140, to- 
gether with a table showing the correspondence of the three, 
and the rules for converting one scale into the others. 

618. Thus the Centigrade scale is reduced to that of Fahren- 
heit, by multiplying by 9 and dividing by 5, and that of Reau- 



614. What are the names of the mercurial thermometers! 615. What are th« 
diT.eions of Fahrenheit's scale 1 616. What are those of the Cenligrade 1 617. Wha 
are those of Reaumur 7 618. Ho v is the Centigrade reduced to that of Fahrenheit ) 
How is that of Reaumur reduced o that of Fahrenheit 1 
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no. 140. 





lythrenheii. 



Centigrade. 



Retuanur. 



mur to that of Fahrenheit, by multiplying by 9 and dividing by 
4 ; or that of Fahrenheit to either of the others by reversing 
these processes. Examples : — 



Cent. 100<»x 9=900-6: 
Reau. SO'-'x 9=720^4: 
Fah. 212<»— 32 = 180x6 
Fah. 212°— 32 = 180X4 



180+32: 
180+32: 
900H- 9: 
:720h- 9 



:212° Fah. 
212° Fah. 
:100° Cent 
: 80° Reau. 



The following Table from Prof. Hoblyn's Dictionary of Science, 
shows at a single view the correspondence between these ther- 
mometers, from the zero to the boiling point of Fahrenheit. 
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Centigrade. 






Reaumur. 


BCHI2NG. 212 . . 


. ... 100 80 


200 . . 


. . • . 93.33 . , 






. . 74.66 


190 . 


. . . . S1.11 . . 






. . 70.22 


180 . , 


. • • . 82.22 . . 






, . 65.77 


110 . . 


. . . . 70.66 . . 






. . 61.33 


160 . , 


. . • . 71.11 . . 






. . 56.88 


150 . . 


. . • • 66.55 . 






. . 52.33 


140 . . 


. ... -60 






. . 48 


130 . 


. . • 55.55 . 






. . 33.56 


120 . . 


. . . . 48.88 . 


• 


• 
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THSBMOlOn-BR. 



Flthrenhcnt 
110 . 

100 . 
90 . 
80 . 
10 . 
60 . 
50 . 
40 . 

PREEZINO. 82 • 

20 . 
10 . 

ZERO. • 



Centigrade. 

. 43.33 
31.11 
32.22 
26.66 

. 2l.ll 
15.55 
10 
4.44 





6.66 
12.22 
11.11 



34.66 
30.22 
25.11 
21.33 
16.88 
12.44 

8 

3.35 



5.33 

9.11 
14.22 



619. Huther/ord's Register Thermometer, — ^By this, the high- 
est and lowest temperatures which occur within a given time 
are indicated, and made to register themselves. This instru- 
ment consists of two thermometers fastened to the same plate 
with their tubes in a horizontal position, as shown by Fig. 141. 




FIG. 141. 
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Rutheiford*a Blister Thermometer. 

One of these, A, contains alcohol ; the other, B, contains mer- 
cury. In the stem of B, a small piece of iron wire acts the part 
of an index, being propelled forward as the mercury expands, 
and being left at the point of the greatest expansion when the 
mercury contracts, thus indicating the highest temperature to 
which it had been exposed. In the stem of the other, a small 
j)iece of ivory, A, is immersed in the alcohol, and by a slight 
inclination of the instrument, is brought to tie surface of the 
liquid. When the temperature falls, the ivory, by adhering to 
the liquid, is drawn back with it ; but when it rises, the spirit 
only advances, leaving the ivory behind, thus indicating the 
lowest temperature which had occurred since the last observa- 



619. What are the indications made by Rutherford's thermometer 1 Describe the 
construction of this instrument. What are the peculiar advantages of this la 
^rameat 1 
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bon. By inverting the instrument, tlie pitrttcle of ivoiy is agam 
brought to ita pUoe for a new observation. This is a very con- 
venient thermometer on many ctccouats. Thus the highest 
temperature during the day or the weelt, can be told without 
watching the instrument, and at a single inspection. If it is re- 
quired to obtain the degree of heat at the bottom of a deep 
well, or in the depths of the sea, this can be done accurately by 
letUng down the instrument, while the common thermometer 
would change while drawing it up. 

620, DiPTKRENTIAL ThBEMOMBTBR. ^^' '^ 

This instrument is shown by J^iff. 142. ^J fj 

It consists of two thin glass bulhs of an 
inch in diametBr, concocted by a glass 
tube bent at right angles, as the figure 
shows. This tube is partly filled with col- 
ored alcohol. Now when one of the bulbs 
is heated more than the other, the air in 
it expands, and drives the liquid into the 
other bulb. 

621. It does not, therefore, indicate the oirfre 
temperature of the atmosphere, as the 
same degree of heat on both bulla at the same time produces no 
change, its design being merely to show the difference of tem- 
perature to which the bulbs are exposed. 




622. The name of this instrument, 
&om the Oreek, ugnifies "moisture 
measurer." Its use is, to show the state 
of moisture in the atmosphere. Many 
inventions for this purpose have been 
tried, but that represented hy Ftp. 143, 
b at present considered the best 

ltiscal\edJ)aniert dew-point hifffron- 
eter. It consists of two halls, connected 
together by a bent tube, as shown hy the 
figure, the whole being of glasa. The 
ball B, contains a small qnantaty of 
ether, by the boiling of which, the air 
has been expelled &om the tube. In it 
a small thermometer is placed, with its 
bulb in the hall. The lower part of this 
ball is gilded, that the deposited dew 
■ may bo visible. The other ball, A, is 
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covered with muslin, and is kept mdst witli ether, the eyapora 
tion of which produces cold, which '▼'•firlnally, by the evaporation 
of the ether in the other ball, red^^^^co the temperature in that 
to the dew-point, which is indicated by the deposition of moisture 
on the gilded ball. 

The degree of temperature at which this deposition tales 
place, is shown by the thermometer in the tube, and this degree 
IB called the dew-point^ and this is effected at a higher or lower 
degree, according to the moisture in the atmosphere. The ther- 
mometer on the stem indicates the temperature of the air at tha 
time when the observations are made. 



CHAPTER IX. 

STEAM ENGINE. 

NoTB. — ^The following description of the steam engine is 
taken from Prof. Hoblyn's Edition of the Author's Natural 
Philosophy, published by Adam Scott, Charter-house Square, 
London. 

We have however omitted, in this edition, the ingenious ma- 
chines of Hero, Branca, and Savery, contained in former copies, 
as merely showing the progress of invention, and being quite 
unnecessary for the comprehension of the engine, as it exists 
at the present day. This omission will be found replaced by 
some of the most important inventions of the present day. 

The description of Newcoraen's engine has been retained, as 
containing some parts, leading to the explanation of Watt's en- 
gine, by which it was succeeded. 

What is meant ly the double-action of Watt's engine, con- 
sisted in the application of steam alternately on each side of the 
piston, and by which it was moved both up and down, while 
that of Newcomen was moved only in one direction by th«5 

620. What is the construction of the differential thermometer? 621. What is the 
use of this Instrument 1 622. What is the meaning of tire term hygrometer / What 
8 that here described called 1 Explain its principle, and the manner of Obing it. 
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Steam, and in the other by the pressure of the atmosphere over 
a vacuum. The impoi-tance of Watt's invention can hardly be 
appreciated, since on it is founded the action of all steam engines 
to this day. 

623. Newcomkn's Atmospheric Engine. — The drainage of 
deep mines was a matter of great importance, and the fa^Jlure 
of Savery's engine in this respect, paved the way to further ex- 
periment. In 1705, Thomas Newcomen, a smith of Dartmouth, 
obtained letters patent for the construction of a new kind of 
steam engine, in which he availed himself of the atmospheric 
pressure in a differ^t way from that adopted by Savery. 

624. The novelty of this plan consists in the admission of 
steam beneath an air-tight piston^ and. the condensation of the 
steam by the injection if cold water into the interior of the cyl- 
inder. The use of a cylinder and piston may be easily ex- 
plained. In order that the pressure of steam may be rendered 
available in machinery, the steam must be confined within an 
air-tight cavity, so constructed that its dimensions, or capacity, 
may be alt-ored without altering its tightness. When the steam 
enters such a vessel, it enlarges its attual cavity, by causing 
some movable part to recede before it, and from this movable 
part motion is communicated to machinery. A hollow cylinder, 
having a movable piston accurately fitted to its bore, constitutes 
a v/>ssel of this kind ; the piston, thus employed, has an alternate 
or reciprocating vertical motion, which hiay be converted into 
9 circular motion by appropriate machinery. The engine era- 
ployed by Newcomen, in its most improved state, was as fol- 
lows. Over a boiler a is fixed a cylinder c, containing a piston 
r, the rod of which is connected with one of the arched extrem- 
ities of a lever-beam working on a pivot ; to the other extremity 
of the beam is attached a chain connected with the pump-rod, 

625. Such is the simple outline of the atmospheric engine. 
Its mode of operation is as follows : Steam is admitted from 
the boiler into the cylinder, through the tube ^, by means of a 
regulating cock, e, which is worked by a handle outside the 
boiler ; the pressure of the atmosphere above the piston being 
thus balanced by the force of the steam beneath it, the extremity 
of the lever-beam to which the piston is attached is elevated by 
proportionate weights, w, attached to the pump-rod, and the 
piston is drawn to the top of the cylinder, the other extremity 
of the beam being depressed. 

©23. What was Newcomen's engine called 1 624. What is said to have been the 
noveltv of Newcomen's plan 1 How can the cavity of a vessel be enlarged bj steam 
and 81111 be tight 1 685. Describe this machine by the figure. 




826. In order to effect the descent of the piston, the steam ta 
the cylinder must now be condensed. The regulating cock e ia 
accordingly closed, and the farther admission of steam pre- 
vented ; another cock, called the eondermng cock, p, it, now 
opened, and a jet of cold water is admitted through a tube from 
the cistern m, vhich is plac«d at a. sufficient height to insure a 
fonable injection ; the steam in the cylinder is instantly oon- 
densed, a vacuum is formed, and the pressure of the atmosphere 
forces the piston to the bottom of the cyHnder, while tbe pump- 
rod on the other end of the beam is raised. Such is the goa- 
eral operation of Newcomen'e atmospheric engine, which ii 
mftrely a pump worked by steam, 

027. WATT'a DouBLE-AcTiNO Enoinb. — In considering tlM 
applicability of the steam en^ne to manufactures generally, ' 
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occurred to Watt, that if he could contrive to admit steam 
alternately above and below the piston, and, at the same tims 
produce a vacuum alternately below and above th£ piston, a 
double-acting cylinder would be produced, an impulse thus be 
communicated by the ascent, as well as by the descent of the 
piston, and a un^orm continuous action be effected. It was de- 
sirable, also, to convert this reciprocating action into a circulai 
one. 

628. On this subject Watt observes: "Having made my 
single reciprocating engines very regular in their movements, J. 
considered how to produce rotative motions from them in the 
best manner; and among various schemes which were sub- 
jected to trial, or which passed through my mind, none appeared 
so likely to answer the purpose as the application of the crank, 
in the manner of the common turning lathe ; but as the rota- 
tive motion is produced in that machine by impulse given to 
the crank in the descent of the foot only, it requires to be con- 
tinued* in its ascent by the energy of the w?ieel, which acts as a 

629. " Being unwilling to load my engine with a fly-wheel 
heavy enough to continue the motion during the ascent of the 
piston (or with a fly-wheel heavy enough to equalize the mo- 
tion, even if a counter- weight were employed to act during the 
ascent,) I proposed to employ two engines, acting upon two 
cranks fixed on the same axis, at an angle of 120° to one an- 
other, and a weight placed upon the circumference of the fly- 
wheel at the same angle to each of the cranks, by which means 
the motion might be rendered nearly equal, and only a very 
light fly-wheel would be requisite." In following out this plan, 
some very important changes were introduced into the ma- 
chinery of the steam engine: the principal of these are the 
double-acting cylinder, the parallel motion, the crank, the fly- 
wheel, and tte governor. £ach of these will first be severally 
described ; and their operation in the double-acting engine be 
afterward pointed out. 

630. Double-actiny Cylinder, — The first alteration to be no- 
ticed in the double-acting engine is that of the cylinder. To 
insure its double action, it is necessary to provide, at each end 
of the cylinder, a means of admission of steam from the boiler, 
and of escape for the steam to the condenser. Hence the 
double action, which means that the piston is both raised and 
depressed by the force of steam. 

080. What is meant by the double-acting cylinder 7 
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tai. Tot this pOTpose, a i/eoffl-frxr is fixed 
le each end of the cylinder, commnnicatiog, is 
die one case with the upper, in the other with 
the lower, suHace of the pnton. In Fiff. lis, 
B is the upper, and B' the'lower, steun-box. 
Each of tfieee boxes is flimisfaed with two 
valves. 

632. I. In the upper tteam-box, the up- 
per, or <(«am vaive, S, admite atcam from the 
boiler through a tabe, the mouth of which is 
seen immedmtely above the valve ; the lower, 
or exkauiting valve, C, permits the escape of 
the steam from the cylinder to the condenser, 

through a tube opening immediately below the valve. In this 
figure, the piston is at the top of the cylinder; the exhauBting 
valve in therefore represented as closed, and the steam valve as 
open, for the admission of steam, which rushes through the 
passage D to the top of the cylinder, in order to force the piston 
to the bottom. 

633. II. In the lower Heam-box, a corresponding mechan- 
ism ia observed, and its vaK-es must be worked at the same mo- 
ment as those of the upper box, but upon an exactly opposite 
principle. ITie cylinder is full of steam, and the piston at the 
top ; the tteam valve ^' must therefore be closed, and the ex- 
hausting valve C opened, in order that the steam may rush 
out at the passage D', and a vacuum be formed hetieatk the pis- 
ton, to give effect to the steam which is now entering above it. 

634. In Fi^. 146, the piston is at the bot- 
tom of llie cylinder. 1. In the upper steam- 
box, the ateaia valve S is accordingly closed, 
and the etliausting valve C opened, to admit 
of the escape of the sleam from above tlie 
(wlinder through the passage D into the con- 
denser, and tlius to }iroducc a vacuum above 
the piston. 2. In tlie lower steam-box, the 
exhuiislinff valve C is closed, and the steam 
valve S opened, in order that steam may rush 
m by tlio passage D', and force the piston to 
tlie top of the cylinder. ^^1^'"' 

From the preceding description, it is evi- 
dent that the alternate motions of the piston depend on the 
opening and closing of the valves, alternately, in pairs. When 

Ul. RipUIn thi doubla-uiltif crUndtr hj FifL 1U ud MO. 




STEAM ENGINE. 



179 



the piston is at the top of the cylinder, the upper steam vaive 
and the lower exhausting valve are to be opened, while the 
lower steam valve and the upper exhausting valve are to be 
closed. When the piston is at the bottom of the cylinder, this 
process is reversed. 

635. Parallel Motion. — In the double-acting engine^ the 
pressure of the steam acts alteraately on both sides of the pis- 
ton, which must therefore be pushed upward as well as pulled 
downward ; the connection between the piston-rod and the 
beam by any flexible medium is, therefore, obviously inadmissi- 
ble ; a chain can not communicate an upward impulse from the 
piston to the beam. 

The diflSculty was, to adjust the rectilinear motion of the pis- 
ton-rod to the circular motion of the beam ; without such ad- 
justment, it is evident that either the piston-rod, being forced 
to the right and left alternately, at each motion of ascent and 
of descent, would be broken or bent ; or that the stuffing-box 
would be so injured by these derangements of action, as to ceas<» 

FIG. 147. 




Parallel Motion. 



10 be air and steam-tight. The contrivance by which tliese 
dituculties were removed by Watt, is one of the most happy 
inventions ever introduced into machinery. It has been termed 
the parallel motion ; and its mechanism may be understood by 
means of the subjoined figure, where B represents the end of 



88S. Explain by Fig. 147, how parallel motion la «ff<QAt«d 
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the beam, whicb is pulled downward, and pushed upward^ hj 
tlie motion of the piston-rod R P ; the motion of B is in the 
direction of the dotted curve ; that of R P is rectilinear. 

636. To adjust these counteracting motions, a series of ban 
are introdaced, which are movable on pivots, and which by t£e 
balance of their action prevent the piston from deviating to any 
injurious extent from the straight line. Tv>o fixed points cf 
support are taken, the one at F, as near as possible to the Hno 
in which the piston-rod moves ; the other at C, the center of 
the working beam. Two perpendicular bars, B R and E II, 
are attached to the beam at B and E ; and two transverse bars, 
R II and F H, are added, the former connecting the lower ex- 
tremities of the two vertical bars, the latter connecting the lower 
extremity of the vertical bar E H with the fixed point F ; all 
the bars move freely on pivots at all their points of attachment 
TImj head of the piston-rod is connected with the pivot at R. 
The ^n»aller diagram, Fif^, 147, relates to paragraph 639. 

687. The €u;tion of this machinery is as follows : 1. Let U8 
imagine tne end of the beam B to descend in the direction of 
♦ihe dottet. curve. During its prepress to the horizontal posi- 
tion, indicated by the dotted line ^ C, it is continually pushing 
the perpendicular bar B R outward ; and this effect, if not coun- 
teracted, wouKl disturb the rectilinear course of the piston-rod. 
But this outwiiid push of the bar B R is counteracted by an 
inward pull by tho rod R H upon the point R ; the end H of 
the rod R U 'S preserved at a proper distance from the 
line of motion of ihe piston-rod by means of the rod called 
the i-udius rod, H F, which is attached to the fixed point 
F ; and the rod H b\ being thus fixed, describes, with its ex- 
tremity H, the curve d g, which is directed inwardly, and coun- 
teracts the outward ilirection of the curve described by B. 
Heiii*e it follows, that the top of the piston-rod R moves in a 
direction almost vertical. It is correct to say almost, for it is 
not strictly so ; Uie deviation, however, from the vertical motion 
involves a minute calculation, and it is of comparatively little 
importance in practical oj»eration. 

638. 2. As the beam quits the horizontal position in completii^ 
its descent, it is continually pushing the bar B R inward ; but 
this inward push of the bar B R is now counteracted by the 
outward pull of the bar IJ F, which now completes the curve 
g 0, and, by means of the transverse connecting bar H R, main* 
tainb the piston-rod in its nearly vertical direction. 3. It is ob 

636. Explain Watt f engine by means of Fig. 147. 
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Tious, that during the ascent of the beam, the same movements 
of the bars will secure the vertical ascent of the piston-rocL 
This beautiful contrivance represents, in fact, a kind of jointed 
parallelogram, three of the angles of which describe curves, 
while the fourth, which is connected with the piston-rod, moves 
nearly in a straight line. 

639. Motion of the Air-Pump Rod. — The same machinery 
which regulates the motion of the piston-rod of the cylinder, 
also regulates those of the pump-rod. In the preceding Mg, 
147, the upper part of the air-pump rod is represented at A 
K ; it is connected at the top to the middle of the bar E H, 
where it works freely on a pivot A. This machinery may be 
readily understood by means of the smaller figure, in which the 
bars composing it are separated from the beam, the letters be- 
ing preserved precisely as in Fig, 147. C E and F H are two 
bars, working on pivots at the fixed points C and F, and de- 
scribing curves at their free extremities. The bar E H con- 
nects these free extremities, upon which it moves by pivots. 
From the antagonizing action of the two transverse bars, it fol- 
lows, that the point A, the head of the air-pump rod, will move 
in a nearly vertical direction. 

640. Nature of the Crank. — ^It has been shown that the 
alternate motions of the piston-rod, d^ermined by the double- 
acting cylinder^ are communicated to the working end of the 
beam, to the curved motion of which they are adjusted by the 
contrivance of the parallel motion. The next object was to con- 
vert the rectilinear motion, thus produced, into a rotatory 
motion. 

641. So long as the force of steam was employed for the 
mere purpose of raising water, no such motion was wanted ; 
but when its application was required for the purpose of turn- 
ing the wheels of mills — of giving effect to the machinery of 
cotton manufactures and printing presses — of propelling steam 
vessels and other locomotive engines — it became necessary t<? 
inofpart a new direction to its operation. To obtain this object 
the crank was introduced. 

642. The simplest idea of a crank is that of the handle to a 
wheel ; its action is familiarly illustrated in the process of draM - 
ing water from a well ; the bent handle attached to the wheel 
is first pushed out, then pulled in the opposite direction, and 
thus a continued rotatory motion is produced upon an axle. 

689. How Is tbe motion of the air-pump effected ? 640. What is the crank, aiH 
liow doosii act 1 
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The application of this principle to the steam engine, and the 
variations of pressure on the crank of a steam engine, may be 
conveniently ilhistrated by curves. 

643. This will be readily perceived by Fiff. 148, which rep- 
resents the lower portion of the connecting-rod, which works at 
its upper extremity on a pivot connected with the working ex- 
tremity of the beam. 

The lower extremity of the rod 
is connected by a movable joint at 
I, with the lever I K. The center 
or axis to which the rotatory mo- 
tion is to be communicated, is indi- 
cated by the letter K. Hence it 
would appear, that as the connect- 
ing-rod moves upward and down- 
ward, it would carry the lever I K 
round the center K, so as to oc- 
cupy successively the positions de- 
noted in the figure by the dotted 
shadows of the lever ; and thus a 
continued rotatory motion would 
be communicated to the axis. 

644. Irregular Action of the 
Crank, — On considering more 
closely the action of the crank, it 

will' be found to be by no means continuous in its motion. 
There are two positions which the crank assumes in its circuit, 
in which the mo\ing power has positively no effect whatever in 
communicating a rotatory motion to it. 

645. I. When the piston is at the bottom of the cylinder j 
the crank will be in the position denoted in the preceding figure ; 
the joint I will be in a perpendicular line between the upper 
end of the connecting-rod and the center K. It is obvious, that 
as the piston ascends in the cylinder, the connecting-rod will 
tend to push the joint I, not to the right nor to the left of the 
dotted circle, but directly downward upon the axis K. 

646. 11. When the piston is at the top of the cylinder^ the 
crank will have performed half a revolution, and the joint I will 
be in a perj^endicular line below the center K. As the piston 
descends, the connecting-rod will tend to pull the joint I, not to 
the right nor to the left of the dotted circle, but directly up* 
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643. What are the dead points in tlie motion of the crank? Explain this bt 
Pig. 148. 
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ward upon tl\e axis K. It is eyidenty that if in either of these 
positions, the action of the crank were for a moment to cease, 
it would be out of the power of the piston to put it again into 
motion. 

647. 111. Another difficulty connected with the crank, is the 
inequality of its motion. In two positions, it has been shown 
to be actually stationary. There are also two positions^ in which 
its action is most energetic ; and it becomes feebler in propor- 
tion as the crank moves ^om these points toward the two sta- 
tionary positions above described. 

Let the reader once more direct his attention to the process 
of drawing, water from a well ; let him imagine his own arm to 
be the connecting-rod ; and the handle of the wheel the crank ; 
he will find that his force is*most effective, when the angle de- 
scribed by his arm upon the crank is a right angle ; and that 
his force will become less effective, as the angle of leverage be- 
comes smaller or greater. The application of this simple illus- 
tration to the crank of the steam engine is obvious ; and the 
result of it is a variable, instead of a uniform, unremitting ac- 
tion. In the following paragraph, a remedy for these incon- 
veniences will be described. 

646. Nature of a Fly-Wheel. — In impelling machinery 
by force, it is frequently necessary that the force should he reg- 
ulated. This necessity may arise from several causes. There 
may be a want of uniformity in the first moving power^ as in 
the single-acting engine of James Watt, in whjch the descent 
of the piston is effected by the pressure of steam, while its ascent 
is effected by a totally different means. Or, there may be a 
want of uniformity in the resistance which the force has to over- 
come, as in the crank described in the preceding paragraph. 

To regulate these inconveniences and equalize the motion, a 
large heavy wheel, called a fly-wheel^ is connected with the ma- 
chinery, so as to receive its motion from the impelling power, 
to keep up the motion by its own inertia, and distribute it 
equally in ajl parts of its revolution. If the moving power 
slackens, the fly-wheel impels the machine forward ; if the power 
tends to impel the machine too fast, the fly-wheel slackens it. 
The object of the fly-wheel, therefore, is to absorb, as it were, 
the surplus force at one part of the action of the machine, and 
to give it out when the action of the machine is deficient* by 
Leslie it was well compared to a " reservoir which collects the 
intermittent currents, and sends forth a regular stream.*' 

648. How does the fly-wheel continue the motion of the crunk 1 
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649. Connection of the Fly- Wheel vnth the Crank, — In c 
der to equalize the motion of the crank, Watt attached a Jl% 
wheel to its axis. This wheel is constructed of large diameter, 
in order that its circumference may revolve rapidly : it is of 
great weight, being made of iron, that it may acquire consider- 
able momentum so as to render the motion as ui iform as pos- 
sible ; and it is so nicely placed upon the axis, as to be almost 
free from friction, and thus enabled to conmiunicate its motion 
to the axis, when this is required from the irregular action of 
the crank. 

The objects of the fly-wheel in the steam engine, as here de- 
scribed, are obviously twofold : first, to extricate the machine 
from the mechanical difficulties which occur at the two station- 
ary positions of the crank ; and, secondly, to equalize the effects 
of the varpng leverage by which the first mover acts on the 
crank. But besides the irregularity in the action of the crank, 
there are other causes which, in the absence of a fly-wheel, 
would disturb the uniform velocity of the engine : there are 
variations of resistance, and of power. 

The resistance which an engine has to overcome, particularly 
in manufactures, is continually liable to vary. When the re- 
sistance is diminished, the quantity of steam admitted through 
the valves into the cylinder, is increased or diminished, as Ae 
case may be. 

AVhen the resistance is increased, or the moving power dimin- 
ished, the momentum accumulated in the fly-wheel continues 
the motion with little diminution of its own velocity. It is not, 
however, pretended that the equalization of force produced by 
the fly-wheel, is perfect ; but it is sufficient for ordinary pur- 
poses ; and its efficiency will be proportioned to the mass of 
matter in the circumference of the wheel and to the square 
of the wheel's velocity. The next step in the progress of im- 
provement was to regulate the velocity of the fly-wheel. 

650. The Governor. — Of all the contrivances for regulating 
the motion of machinery, this is said to be the most effectual. 
It will be readily understood by the following description of 
Fiff. 150. It consists of two heavy iron balls, b, attached to 
the extremities of the two rods, b e. These rods play on a 
ioint at e, passing through a mortice in the vertical stem d d. 
At /, these pieces are united, by joints, to the two short rods. 



649. Why must the fly-'wheel be of large diameter and great weight 7 Does fhi 
fly-wheel completely equalize the motion of machinery 1 650. What is the fT 
ernor t How does the governor operate to equalize, the motion of machinery 1 





f h, whicli, at tteir iippei 
ends, are again connected by 
joints at A, to a ring which 
elides upon the vertical stem 
d d. Now it will be appa^ 
rent that when these balls 
are thrown outward, the 
lower HdIis connected at /, 
will be made to diverge, in 
consequence of which the up- 
per links will be drawn down 
the ring with which tliey are 
connected at A. With this 
ing its axis at ff, andto the otlier extremity of which, at i, is 
^tened a vertical piece, which ia connected by a joint to the 
valve V. To the lower part of the vertical spindle c^, is attached 
a grooved wheel e, around which a strap passes, which ia con- 
nected with the axis of the fly-whael. 

Now when it so happens that the quantity of steam is too 
great, the motion of the fly-wheel will give a proportionaw ve- 
locity to the spindle d d, by means of tlie strap around u, and 
by which the balls, by their centrifugal force, will be widely 
separated ; in consequence of which the ring A, will be drawn 
down. This wiU elevate the arm of the lever A, and by whicl 
the end i, of the short lever, connected with the valve : 
steam pipe, will be raised, and thus the valve tarned 
diminish the quantity of steam admitted to the piston, 
the motion of the engine ia slow, a contrary effect wii! be pi 
duced, and the valve turned so that more steam will be admi 
ted to the engine. 

651. Connected Viev: of the Double-aelinff Engine. — "We 
now in a condition to understand the relation which the severd 
parts of the engine, already separately described, bear to each 
other. In its general construction it resemble* the single-acting 
engine of Watt not described in the present work, but it differs 
in several important features. Among these are, ila capability 
of performing twice the amount of work in the same time, frcm 
the simultaneous action of the pressure, and of the condensation 
of steam, at each uiceni and descent of the piston ; its near ap- 
proiiaiation to uniformity of power ; its economy of heat, ai * 
consequently of fuel, by the diminution of cooling surface ; 
its reduced bulk. In the following engraving, taken from 
^^aluable work of Tredgold, a section of this engine is illnstnt** 
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ted ; a few additional remarks to those which have already been 
made on its separate details, will serve to explain its general 
operation. 

652. At the right is seen (^t^. 161) the great horizontal 
iteam tube S, which admits steam into the cylinder through the 
throttle valve, which appears near S in the form of a disc. The 
boiler is omitted in the plate, but its connection with «the tube, 
and the means by which it is supphed with warm water, may 
be inferred from descriptions already ^ven. 

653. The double-acting cylinder C, its two steam boxes and 
four valves, and the apparatus for working the valves,' are the 
next objects which claim attention. These are explained by 
I'if/s. 145 and 146. The piston is at the top of the cylinder. 
The upper steam valve a is, therefore, represented as open for 
the admission of steam, the upper exhausting valve c as closed ; 
the condition of the two lower valves is reversed. The operation 
of opening and closing these four valves is effected by a series 
©f levers, terminating in one handle or spanner, which is worked 
by two pegs attached to the pump-rod R. 

Before flie piston arrives at the bottom of the cylinder, the 
upper peg stnkes the handle of the levers downward, and in a 
moment reverses the condition of the four valves. The steam 
from above the piston then rushes down through the perpen- 
dicular tube S, issues at the lower steam valve c?, which will 
now bo open, and forces up the piston ; but, before the piston 
arrives at the top of tlie cylinder, the lower peg strikes the 
handle of the levers upward, the condition of the valves is again 
reversed, the steam below the cylinder rushes through the lower 
exhausting valve b into the condenser B, and the stroke of the 
engine is repeated. 

654. In the condenser B, the steam meets with a continual 
jet of cold water. In the double-acting engine, condensation 
goes on equally during the descent and ascent of the piston, and 
the condensing jet is therefore incessantly at play. Engines 
with a condenser are called low pressure engines. The varia- 
tions which occur in the velocity of the piston, and the conse- 
quent variations in the quantity of steam discharged into the 
condenser, require corresponding variations in the quantity of 
condensing water ; its amount is, therefore, regulated by the in- 
jection cock, which is worked by a lever and handle, I. The 
water produced by condensation of the steam is removed by 



652. In Fig. 151, where is the steam pipe 7 653. Which is the cylinder 1 664. Which 
Is the condenser 1 
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the air-pump A, and carried into the warm cistern, from whicli 
a portion of it is drawn by the pump L, and conveyed to the 
boiler. The cistern containing the condenser, the air-pump, and 
the injection cock, is supplied with water by the pump N, on 
the left side of the beam. 

On the extreme left is the Jly-wheel, a part of which is seen 
at P, and to the axle of which is fixed the cranky this being 
moved by the connecting-rod attached to the end of the work- 
ing-beam. To the fly-wheel is also attached the governor^ bat 
these parts having already been explained, and being unneces- 
sary to the understanding of the whole, are omitted in the 
drawing. 

On the right extremity of the beam is seen the apparatus 
which produces the parallel motion. The moving parallelo- 
gram is represented at/, 6, rf, g; the rod dc is the radius rod: 
it terminates the arc of the circle through which the point d 
travels. At 6 is seen the extremity of the pump-rod R, which 
is worked by the same machinery as that of the parallel motion. 

655. Ketuming to the left side of the beam, we find the 
pumping apparatus, D represents the barrel of the pump, and 
M is the pump-rod, which is connected with the beam by me- 
chanism similar to that of the parallel motion, already described. 
When the piston of the pump descends, the water is forced up- 
ward through the pipe G, and conveyed by appropriate chan- 
nels to a distance and height proportional to the power of the 
engine. The barrel of the pump is filled through the pipe F by 
means of machinery adapted to this purpose below ; and, when 
the piston of the pump ascends, the valve at the left of the bar- 
rel opens, and the water rushes through in the same direction 
as that from the pipe G. The supply for the descent of the 
piston will rush in at the bottom valve from F, and be raised 
through the pipe G, as before. The valves with which the pis- 
ton of the air-pump is ftimished are termed clacks, 

HIGH PRESSURE ENGINE. 

656. In the high pressure engines, the piston is pressed up 
and down by the force of the steam alone, and without th« 
assistance of a vacuum. The additional power of steam re- 
quired for this purpose is very considerable, being equal to the 
entire pressure of the atmosphere on the surface of the piston. 
We have already had occasion to show that on a piston of 13 

666. Which is the air-pump 7 Explain the water pump. 656. What is the differ 
•nee between the high and low pressure engines 1 
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inclies in diameter, the pressure of the atmosphere amounts to 
nearly two tons. 

657. Now in the low pressure engine, in which a vacuum is 
formed on one side of the piston, the force of steam required to 
move it is diminished by the amount of atmospheric pressure 
nearly equal to the size of the piston. 

658. But in the high pressure engine, the piston works in 
both directions against the weight of the atmosphere, and hence 
requires an additional power of steam equal to the weight of 
the atmosphere on the piston. 

659. These engines are, however, much more simple and cheap 
than the low pressure, since the condenser, cold water pump, 
air-pump, and cold water cistern, are dispensed with ; nothing 
more being necessary than the boiler, cylinder, piston, and 
valves. Hence for railroads, and all locomotive purposes, the 
high pressure engines are, and must be used. 

With respect to engines used on board of steamboats the low 
pressure are universally employed by the English, and it is weU 
known, that few accidents from the bursting of machinery have 
ever happened in that country. In most of their boats two en- 
gines are used, each of which turns a crank, and thus the neces- 
sity of a fly-wheel is avoided. 

In this country high pressure engines are in common use foi 
boats, though they are not universally employed. In some, two 
engines are worked, and the fly-wheel dispensed with, as in 
England. 

660. Accidents. — The great number of accidents which have 
happened in this country, whether on board of low or high 
pressure boats, must be attributed in a great measure, to the 
eagerness of our countrymen to be transported from place to 
place with the greatest possible speed, all thoughts of safety 
being absorbed in this passion. It is, however, true, fiom 
the very nature of the case, that there is far greater danger 
from the bursting of the machinery in the high, than in the 
low pressure engines, since not only the cylinder, but the boiler 
and steam pipes must sustain a much higher pressure in order 
to gain the same speed, other circumstances being equal. 

HORSE POWER. 

661. When steam engines were first introduced, they were 
employed to work pumps for draining the English coal mines, 

667. What constitutes a low pressure engine 1 658. How much more force of 
■team is required in high than in low pressure engines 1 659. What parts are di» 
sensed with in high pressure tngines 7 
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thuB taking the places of horses, which from the earliest times 
of using coal had performed this service. 

662. It being therefore already known how many horses were 
required to raise a certain amount of coal from a given depth, 
the powers of these engines were very naturally compared to 
those of horses, and thus an engine which would perform the 
work of ten horses, was called an engine of ten horse povfer. 
To this day the same term is used, with the same meaning, 
though very few appear to know either the origin of the term, 
or the amount of power it impHes. 

Several engineers, after the term was thus used, made exper- 
iments, for tlie purpose of ascertaining the average strength of 
horses, with a view of fixing a standard of mechanical force 
which should be indicated by the term horse power. 

This was done by means which it is not necessary here to 
describe. 

663. Smeaton, a celebrated mechanical philosopher, estima- 
ted that the average power of the horse, working eight hours a 
day, was equal to the raising of 23,000 pounds at the rate of 
one foot per minute. 

664. Messrs. Bolton and Watt caused experiments to be 
made with the horses used in the breweries of London, said to 
be the strongest in the world, and from the result they estima- 
ted that 33,000 pounds raised at the rate of one foot per min- 
ute, was the value of a horse's power, and this is the estimate 
now generally adopted. Wlien, therefore, an engine is said to 
be so many horses power, it is meant that it is capable of over- 
coming a resistance equal to so many times 33,000 pounds 
raised at the rate of one foot per minute. Thus an engine of 
ten horse power is one capable of raising a load of 330,000 
pounds one foot per minute, and so at this rate, whether the 
power be more or less. 

665. Power of Steam.— Experiment has proved that an 
ounce of water converted into steam will raise a weight of 2,160 
pounds one foot. 

6C6. A cubic foot of water contains 1,'728 cubic inches, and 
the power, therefore, of a cubic foot of water, when converted 

660. What is said of accidents from steam in our country 1 661. Where did the steam 
engine first take the place of horses? 662. What is the origin of the term horse 
power? 663. What was Smeaton's estimate of a horse's power 1 664. What was 
Watt and Bolton's e£:timate of a horjse's power "? What is meant by a horse's power 
at the present time 1 IIow many horses would raise 33,000 pounds one foot per min« 
ute 1 665. What is the power of a s(iuare inch of water converted into steam 1 666. 
What is the power of a cubic foot of water oonverted into steam 7 How much power 
Is lost in acting upon the engine 1 
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into steam, will be equal to 2,160 multiplied by 1,^28, equal to 
3,Y32,480 pounds. This, then, expresses the number of pounds 
weight which a cubic foot of water would raise one foot when 
converted into steam, supposing that its entire mechanical force 
could be rendered available. But in practice, it is estimated 
that the friction, and weight of the machinery in action, require 
about four-tenths of the whole force, while six-tenths only re- 
main as an actual mechanical power. 

667. Qtmntity of Water required for each Horse Power, — 
One horse power, as already explained, is equal to a force which 
will raise 33,000 pounds one foot high per minute. This being 
multiplied by 60 will show the force required to raise the same 
weight at the rate of one foot per hour, namely, 33,000 x 60 = 
1,980,000 pounds. 

668. Now the quantity of water required for this effect, will 
be found by considering, as already shown, that a cubic inch of 
water in the form of steam, is equal to a force raising 2,160 
pounds a foot. K we divide 1,980,000, therefore, by 2,160, we 
shall have the number of cubic inches of water required to pro- 
duce a one horse power, namely, 9,1 6|C But we have already 
shown that only 6 parts out of 10 of the force of steam can be 
calculated on as a moving power, 4 parts being expended on 
the action of the engine. To find, then, the amount of waste 
in 916 cubic inches of water, we must divide that number by 6, 
and multiply the result by 4, when we shall have 610 as the 
number of cubic inches of water wasted. The total quantity of 
water, therefore, which is turned into steam per hour, to pro- 
duce a one horse power, is equal to 610 added to 916, namely, 
1,526 cubic inches. Hence we see the necessity of the immense 
capacities of the boilers of large steamboats. 

669. Amount of Mechanical Virtue in Coal. — For more than 
thirty years, the engineers of many of the English coal mines 
have published annual accounts of their experiments with the 
steam engines under their care, for the purpose of ascertaining 
the exact amount of coal required to perform certain duties. 
The results of these experiments are among the most curious and 
instructive facts which the lights of science at the present day, 
have thrown upon the manufacturing arts. They were entirely 
imexpected to the owners of the mines, and equally so to men 
of science. 

667. How many cubic inches of water is required to produce a one horse power 1 
i68. Bow do you find how manjr cubic inches of water there are in a one hors* 
power 1 669. what amount of weight is it said a bushel of coal will raise by meana 
«f steam 1 What was the weight raised by the second intiVl 
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In the report of the engineers thus employed, for 1835, it 
was announced that a steam engine employed at a oopper mine 
in Cornwall, had raised, as its average work, 95 millions of 
pounds a foot high, with a single bushel of bituminous coal. 

This mechanical effect was so enormous and so unexpected, 
that the best judges of the subject considered it beyond the 
l)Ounds of credulity ; the proprietors, therefore, agreed that an- 
other trial should be made m the presence of competent wit- 
nesses: when, to the astonishment of all, the result, exceeded 
the former report by 30 millions of pounds. In this experi 
ment, for every bushel of coal consumed under the boiler, the 
engine raised 125^ millions of pounds one foot high. 

670. On this subject, Dr. Lardner, in his treatise on the steam 
engine, has made the following calculations : — 

A bushel of coal weighs 84 pounds, and can lift 56,027 tons 
a foot high, therefore, a pound of coal would raise 667 tons to 
the same height ; and an ounce would raise 42 tons one fool 
high, or it would lift 18 pounds a mile high. 

Since a force of 18 pounds is capable of drawing two tons 
upon a railway, it follows that an «unce of coal would draw 2 
tons a mile, or 1 ton two miles. (In the common engines, how- 
ever, the actual consumption of coal is equal to about 8 ounces 
per ton for every mile.) 

The great Egyptian pyramid has a base of 700 feet each way, 
and is 500 feet high ; its weight amounting to 12,760,000,000 
pounds. To construct it, is said to have cost the labor of 100,- 
000 men for 20 years. Yet according to the above calculations, 
its materials could have been raised from the ground to their 
present positions by the combustion of 479 tons of coal. 

LOCbMOTIVB. 

671. This word, from the Latin, means "moving from place 
to place," and is applied to steam engines used on railroads. 

Our limits will only allow a short description of this wonder- 
working machine, which, during the last quarter of a century, 
has been the means, with respect to locomotion, of converting 
days into hours, and weeks into days. 

The principal external parts of a locomotive are indicated by 
the letters on Jf'ig. 152. 

670. What weight will a pound of coal raise 1 How great a force may an ounce ot 
coal be made to produce 7 What is the size and weight of the great pyramid of 
Egypt 7 What weight of coal would be required to raise its materials to their present 
elevation 1 
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G72, The trueJt wheals, A A, are of casl iron, about two and 
B hiilf feet in diameter, all of them connected by an iron frame, 
in the center of which, the enrl of the boiler reeta on a pivot, so 
as to allow a revolving motion, in order to accommodate the 
o short curves in the road. 



o ami ^ 




(173. Tlie hoUer B, which makes the chief bulk of the loeo- 
tiiotive, is of rolled iron, about 12 feet long, of great weight, and 
sl.TiDgth, to resist the pressure of the ateain. It is put together 
by iron bolts, only an inch or two apart, so as to be pwfeotlj' 
iteam-Ught under the greatest force. 

Wa. WlulJiro Ihe Iniclt whtelsora locoiiio[lTe,«inl wttyilo lhe)ir«»oh™i 
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Above R is the fire-hox^ with a door, not shown, for admis- 
sion of the wood, llio interior of the boiler is composed of 
about 100 copper tubes, tlirough which the smoke and heat 
pass to the chimney. These tubes are entirely surrounded bj 
water, which the heat emitted by the tubes, as they pass through 
it, converts into steam. 

674. The pump P, supplies the boiler with water, which it 

akes from the tender, not shown, but which is connected with 

the locomotive, and on which the fiiel is carried. In cold 

weather, the waste steam heats this water before it is admitted 

to the boiler. 

6*75. The steam a/Under C, communicates with the boiler by 
a short ]>ipe, for admission of the steam. In'this cylinder works 
the piston, which gives motion to the engine. 

The cylinder is extemallv of brass, kept polished in order to 
prevent the radiation, of the heat. Its diameter is about 12 
inches, and the movement of the piston 20 inches. This is 
furnished with valves, working in the same manner as those 
already described for tlie steam engine. 

The alternate, horizontal motion of the piston, is so connected 
with the driving wheels, as to give them a rotatory motion, by 
which the engine is moved. 

0*70. This is done by means of the connecting-rods R R, which 
are jointed to the spokes of the drivers at one end, and to the 
piston rod I, at the other, thus connecting the force of the steam 
with that part of the engine by which the whole is actuated. 

The immense force which the steam exerts, is shown by the 
power required to draw 20 or 30 cars, loaded with hundreds 
of tons, at the rate of 20 or 30 miles an hour. And yet a 
single locomotive will draw such a load even up an inclined 
plane. 

677. The driving wheels D D, by which the locomotive is 
moved, are of cast iron, with strong wrought iron tire, so as to 
withstand any shock which it is considered possible to happen, 
since on the strength of these, the lives of hundreds of passen- 
gers may depend, as the fracture of one of them may cast the 
engine and entire train from the rails. In diameter, they are 
from 5 to 6 feet. 

678. These four wheels are connected together, not only by 
the connecting-rofls, but also by a strong iron frame, and by the 

675. Describe the steam cylinder, and tell its use. 676. What are the connecting- 
rods? 677. What are the wheels which give motion to the locomotive 1 Why are 
the driving wheels made of gjeat strenetn 1 678. Why are these four -wheels con- 
pected ? On what principle do these wneels act ? 
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axle-trees which revolve with them, so that the greatest amount 
of adhesion to the rails is obtained. This is a most important 
point in the construction of the engine, since by this means all 
the wheels must act together, thus forming by their adhesion 
to the rails a single fulcrum, acting as a lever of the third kind, 
(322,) of which the spoke of the wheel is the lever, and the pis- 
ton, through the connecting-rods, the power. I^ therefore, one 
of the wheels slips on the rail, they must all slip, it being this 
connection by which locomotives draw such enormous loads 
over inclined planes. 

679. The lever L, opens the throttle valve^ by which the 
steam is admitted to the cylinder, from the boiler. When the 
engine is to be started, the engineer opens this communication ; 
when the piston begins its alternate motion ; the drivers their 
revolutions, and the engine and train their progress. 

680. The reversing handle H, acts on machinery for that 
purpose, in such a manner as to reverse the motion of the driv- 
ing wheels, giving them a backward instead of a forward action, 
in a moment. It is used whenever there is danger of a colli- 
sion, or when it is desired to give the engine a reverse move- 
ment on any occasion. 

The spring balance N, is connected with a graduated scale by 
which the pressure of the steam is indicated. 

681. The safety valve lever S, is connecteff with, a valve, so 
constructed as to open when the pressure is above a certain 
amount, and thus allow the steam -^o escape. When properly 
adjusted, this may be the. means of saving the engine from one 
of the most fearful of accidents, that of bursting the boiler. 

682. The smoke pipe M, is connected with the fire-box, by 
means of the copper tubes running through the boiler, already 
mentioned. Various contrivances have been invented to arrest 
the sparks which are emitted with the smoke, and which have 
often set fire to bridges and other buildings. For this purpose 
a wire gauze placed across the mouth of tiie pipe, has been the 
most efficient. 

The engine frame F, is made of wrought iron, strongly con- 
nected by rivets, and to which all parts of the locomotive are 
attached, and by which they are combined into a single instru- 
ment, to be moved fotward as a great power, by means of which 
hundreds of tons are to follow. 



679. Describe the manner of starting the engine. 680. What is the use of the re* 
Tersing handle. 681. How does the safety TaUTe act. and for what purpose 1 668. 
Whftt are the means of arresting qiarks from the smoke pipe 1 
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The valve box V, contains the valves of the cylinder, which 
Lave already been described while treating of tlie steam engvM, 

The steam whistle U, is composed of a cylinder, with peculiar 
internal arrangements, on which the steam fix>m the boiler be- 
ing admitted, by a valve, makes a well-known sound, heard at 
the distance of many miles. By its report, the degrees of press- 
ure of the steam are indicated. 

The slide valve rod K, works the valve by which the steam 
is admitted from the boiler to the cylinder, and by which the 
piston is moved. 

683. Springs of the Boiler. — ^The boiler rests on steel springs, 
composed of many flat pieces of Afferent lengths, laid one on 
the other, forming a pyramidal pile six or eight inches high, 
and of sufficient strength to bear many tons. By the stight 
motion of these springs, the concussion between the engine and 
the rails is prevented, and without which neither would preserve 
its integrity for an hour, under the. tremendous shocks, the 
weight and motion of the engine sometimes give. 

ADHESION TO THE RAILS. 

684. We have already noticed the necessity of so combining 
the action of the dri^^ng wheels, as to make them form an in- 
dividual ftilcrumf by their adhesion to the rails. 

On this the motion of the engine, and consequently of the 
whole train depends, and hence the necessity of the enormous 
weight of the locomotive. On roads, through hilly sections of 
the country, tlie weight of the engine is made to correspond to 
the inclination of the grade. Were this not the case, as the 
adhesion depends on the weight, the wheels would revolve with- 
out advancing, and thus the whole train would remain motion- 
less, because the weight, with the inclination, required a greater 
force than the power of the engine. On such roads where 
heavy freight trains are to be drawn, the weight of the engine 
sometimes amounts to 40 or 50,000 pounds. 

685. In all cases, the invariable condition must be, that the 
force be greater than the resistance, otherwise no progress will 
be effected ; and as we have already seen, the force depends on 
the adhesion, and this on the weight, so it is obvious that a 



683. What is gaid of the sprin$;s on which the boiler rests 1 684. Why are the 
driving wheels so connected as to form an individual fulcrum 7 What is the weight 
of some engines ^ 685. What is said of the proportion between the weight of the en- 
gine and the grade of the road ? What must Se the condition with respect to the 
weight and force 1 What is the estimate between the force of adhesion and -th* 
Weight of the drivers 1 
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ponderous engine only, will draw a heavy train over a rapid 
inclination. It is estimated that the force of adhesion amounts 
to one-sixth of 4he weight of the drivers on the rails. 

686. Section of the Boiler, — It has been noticed above, that 
locomotive boilers are furnished with copper tubes, passing from 
the fire-box to the chimney. The ordinary number of these 
tubes is 120, and their diameters about two inches. If larger 
than this, they are liable to collapse by the pressure of the 
steam, and if smaller, they soon become clogged" by the soot. 

The end of such a boiler is repre- 
sented by Fig. 153. The fire-box 
with the grate for fuel, is seen at B, 
above which are the. ends of the tubes. 
In Fig. 152, these parts are above R. 
A shows the dome, above the fire-box, 
and which forms a part of the boiler, 
being open and containing the steam 
as it is formed. 

687. The steam is conveyed to the 
cylinders from the large pipe, seen at 
the upper part of the dome, the two 
arrows showing that it is admitted 
from all directions. The mouth of 
this pipe is thus elevated, in order to 
avoid the admission of the water when 
in the state of the greatest ebullition. 

The fire-box is made of thick, rolled 
iron, with double walls, about three 

inches apart, the space between them being filledwith water, 
so that the fire is surrounded with water, except "ax the door 
where the fuel is admitted. 

688. The water is pumped into the side of the fire-box at 0, 
which opens into the boiler. 

The boiler is only about half fille4 with water, the upper part 
being devoted to steam. • 

The boiler is made of thick, rolled iron, strongly riveted to- 
gether, and in the form of a cyhnder, being that which best 
resists the pressure of the steam. 

In order to confine the heat, or prevent radiation, boilers are 
covered with wood, in the form of narrow strips of board, over 
which there is a covering of sheet iron. 

686. Show by Fig. 153, the situations of the fire-box, steam pipe, tubes and grate. 
687. Why is the mouth of the steam pipe so high in the domel 68S, Wh«t^^\»% 
water adunitted to the boiler. 




Fire-Bos and BoOer, 
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6S0. laoomi^vB enginca ara slwifa on the lii^ preflRora 
prindple, because such endues ue more simple in stractnn 
than those of low pregsure, the fenner not retjKiing the om- 
g> appuatufl which is indispenublo in the latter. 



ACOUSTICS. 

600. Aamstiei u that branch of natural philotophy tehitk 
treats of th£ origin, pTopaijation, and tffect* t^ lound. 

691. Vibration of Solidi. — When a sonorous, of sounding 
body is struck, it ia thrown into a tremuloiu or vibrating mo- 
tion. Tliis motion is communicated to the air which surrounds 
U8, and by the «r is couTeyed to our ear drums, which also 
unde^o a vibratory motion, and this last motion tlirowing the 
auditory nerves into action, we thereby gain the sensation of 
Bound. 

If any sounding body, of conaderable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, afid while the eye perceives its motion, the ear per- 
ceives the sound. 

692. Proof by the Air-Pump. —Thai no. ih. 
sound is conveyed to the ear by the motion 
which the sounding body communicates to 
the air, ia proved by an interesting experi- 
ment with the air-pump. 

683. Tliis is done by a little piece of me- 
chanism shown by Fig. 154. It consists 
of a block of lead weighing a pound or two, 
into which is inserted the standard of the 
bell A. A ])iece of wire, also fi?ed to the 
lead, is bent over the bell at B, to which is 
jointed the handle of a small hammer. At 
Sialf an inch from the joint, the handle 
pBMCS through the end of the sliding rod 
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C, which passes air- tight through the stuffed collar of the glass 
receiver D. 

Now it is obvious by the figure, that on working the sliding- 
rod by its handle, the hammer will strike the bell, the sound of 
wliich may be heard to a considerable distance. But if the re- 
ceiver be set on the plate of an air-pump, and the air exhausted, 
its sound will become less and less audible, until a vacuum is 
foiined, when, although the hammer is made to strike the bell, 
no sound will be heard. The lead should be placed on a piece 
of cotton batting, so as not to transmit the sound through the 
solid on which it stands. 

DIYING BELL. 

694. On tlie contrary, when the air is more dense than or- 
dinary, or when a greater quantity is contained in a vessel, than 
in the same space in the open air, the effect of sound on the 
ear is increased. This is illustrated by the use of the diving 
hell 

The diving bell is a large vessel, open at the bottom, under 
which men descend to the beds of rivers, for the purpose of ob- 
taining articles from the wrecks of vessels. When this machine 
Is sunk to any considerable depth, the water above, by its press- 
ure, condenses the air under it with great force. In this situa- 
tion, a whisper is as loud as a common voice in the open air, 
and an ordinary voice becomes painful to the ear. 

695. Effects in high Places, — Again, on the tops of high 
mountains where the pressure, or density of the air is much less 
than on the surface of the earth, the report of a pistol is heard 
only a few rods, and the *human voice is so weak as to be in- 
audible at ordinary distances. 

Thus, the atmosphere which surrounds us, is the medium by 
which sounds are conveyed to our ears, and to its vibrations we 
are indebted for the sense of hearing, as well as for all we enjoy 
from the charms of music. 

696. Solids conduct Sound, — The atmosphere,.though the 
most common, is not, however, the only, or the best conductor 
of sound. Solid bodies conduct sound better than elastic tluids. 
Hence, if a person lay his ear on a long stick of timber, the 
scratch of a pin may be heard from the other end, which could 
not be perceived through the air. 



694. When the air is more dense than ordinarr. how does It aflTect sound 1 OSK. 
What is said of the effects of sound on the tops of high mountains 1 696 Which 
toe best eonductors of sound, solid or elastic sub6taucea'\ 
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697. The earth conducts loud rumbling sounds made below 
is sur&oe to great distances. Thus, it is said, that in countries 
where volcanoes exist, the rumbling noise which generally pre- 
cedes an eruption, is heard first by the beasts of the field, he- 
cause their ears are commonly near the ground, and that by 
their agitation and alarm, they give warning of its approach to 
the inhabitants. 

098. The Indians of our country, by laying their ears on the 
g^und, will discover the approach of horses or men when th^ 
are at such distances as not to be heard in any other manner. 

699. Velocity of Sound, — Sound is propagated through the 
air at the rate of 1,142 feet in a second of time. When com- 
pared with the velocity of light, it therefore moves but slowly. 
Any one may be convinced of this by watching the discharge 
of cannon at a distance. The flash is seen apparently at l£e 
instant the gunner touches fire to the powder ; Che whizzing of 
the ball, if tbe ear is in its directioifi, is next heard, and lastly, 
the report. 

700. Biofs Experiment. — Solid substances convey sounds 
with greater velocity than air, as is proved by the following ex- 
periment, made at Paris, by M. Biot : — 

At the extremity of a cylindrical tube, upward of 3,000 feet 
long, a ring of metal was placed, of the same diameter as the 
aperture of the tube ; and in the center of this ring, in the 
mouth of the tube, was suspended a clock-bell and hammer. 
The hammer was made to strike the ring and the bell at the 
same instant, so that the sound of the ring would be transmit- 
ted to the remote end of the tube, through the conducting 
power of the tube itself, while the sound of the bell would be 
transmitted through the medium of the air inclosed in the tube. 
The ear being then placed at the remote end of the tube, the 
sound of the ring, transmitted by the metal of the tube, was 
first heard distinctly, and after a short interval had elapsed, the 
sound of the bell transmitted by the air in the tube, was heard. 
The result of several experiments was, that the metal conducted 
the sound at 4he rate of about 11,865 feet per second, which is 
about ten and a half times the velocity with which it is con- 
ducted by the air. 

701. Sound moves forward in straight lines, and in this re- 



697. What is said of the earth as a conductor of sounds 7 698. How is it said that 
the Indians discover the approach of horses ? 699. How fast does sound pass through 
the air ? What is said of the firing of cannon with respect to sound t 700. Which 
eonv«y sounds with the greatest velocity, solid substances, or air 1 
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spect follows the same laws as moving bodies, "knd light It 
also follows the same laws in being reflected, or thrown back, 
when it strikes a solid, or reflecting surface. 

702. Ecno. — If the surface be smooth, and of considerable 
dimensions, the sound will be reflected, and an echo will be 
heard ; but if the surface is very irregular, soft, or small, no 
such eflect will be produced. 

In order to hear the echo, the ear must be placed in a certain 
direction, in respect to the point where the sound is produced, 
and the reflecting surface. 

If a sound be produced at A, Fig, 155, and strike the plane 
surface B, it will be reflected back in the same line, and the 
echo will be heard at C or A. That is, the angle under which 
it approaches the reflecting surface, and that under which it 
leaves it, will be equal. 



FIG. 156. 



no. 167. 
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RevtrbwoHoit, 



FIG. 156. 




R^leetion tf Sound. 

703. Whether the sound strikes the reflecting surface at righl 
angles, or obliquely, the angle of approach, and the angle of re- 
flection, will always be the same, and equal. 



7D0. Describe the experiment, proYing that sound is conducted bj a metal with 
creater Telocity than by the air. 701. In what lines does sound move 1 703. Explain 
Fig. 156 and ahow in what direction sound approaches and l«V(«a «b t^«^'Q% 
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Hiis is illostfatod by Fig, 156, wbere rappose a pistol to be 
fired at A, while the reflecting snr&ee is at C ; then the edio will 
be heard at B, the angles 2 and 1 being equal to each other. 

704. Beverberation of Sound. — ^If a sound be emitted be- 
tween two reflecting surfiices, parallel to each other, it will rever- 
berate, or be answered backward and forward several times. 

Til us, if the sound be made at A, Fig. 157, it will not only 
rebound back again to A, but will also be reflected from tw 
points C and D, and were such reflecting surfiuxs phoed it 
every point around a circle from A, the sound would be thrown 
back from them all, at the same instant, and would meet again 
at the point A. 

We shall see, under the article Optics, that light obs^res 
exactly the same law in respect to its reflection from plane sat- 
facets and tliat the angle at which it strikes, is called the angk 
of incidence, and that under which it leaves the reflecting sur- 
fece, is called the angle of refection. The same terms are em- 
ployed in respect to sound. 

705. Refection in a Circle. — In a circle, sound is reflected 
from every plane surface placed around it, and hence, if the 
sound is emitted from the center of a circle, tliis center will be 
the point at which the echo vnW be most distinct. 

Suppose the ear to be placed at 
the point A, Fig. 158, in the cen- 
ter of a circle ; and let a sound bo 
produced at the same point, then 
it will move along the line A E, 
and be reflected from the plane sur- 
face, back on the same line to A ; 
and this will take place from all the 
plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at the same 
distance from the center, so the re- 
flected sound will arrive at the point 
A, at the same instant; and the 
echo will be loud, in proportion to the number and perfection 
of these reflecting surfaces. 

700. Whispering Gallery. — It is apparent that the audi- 
tor, in this case, must be placed in the center from which the 

704. What Is the anj^Ie under which sound strikes a reflecting surface called 
What Istheanfrle under which It leaves a reflecting surface called? Is there aiij 
difference In the quantity of these two anjrles 1 70G. Suppose a pistol tu be fired la 
tbe center of a circular room, where would be tha echo 1 
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Aound proceeds, to receive the greatest effect But if the shape 
of the room be oval, or elliptical, the sound may be made in 
one part, and the echo will bo heard in another part, because 
the ellipse has two points, called foci, at one of which, the sound 
being produced, it will be concentrated in the other. 

Suppose a sound to be produced at 
A^ Fig. 169, it will be reflected from figm59. 

the sides of the room, the angles of in- 
cidence being equal to those of reflection, 
and will be concentrated at B. Hence, 
a hearer standing at B, will be affected 
by the united rays of sound from differ- 
ent parts of the room, so that a whisper 
at A, will become audible at B, when it 
would not be heard in any other part of 
the room. Were the sides of the room 
lined with a polished metal, the rays of 
light or heat would be concentrated in 
the same manner. ^ Whitptnng GaUery. 

The reason of this will be understood, 
when we consider that an ear, placed at C, will receive only one 
ray of the sound proceeding from A, while if placed at B, it 
will receive the rays from all parts of the room. Such a room, 
whether constructed by design or accident, would be a whisper- 
ing gallery, 

V07. Successive Reflections of Sound. — "Several reflecting 
surfaces may be so situated in respect to distance and direction, 
that a sound proceeding from a certain point, will be reflected, 
first from one surface, and then from another, at a littie dis- 
tance, afterward from a third, and so on ; or it may be reflected 
from the first surface to the second, and from the second to the 
third, and from this to a fourth, and so on, even it is said, to 
the number of eight or ten." 

708. According to the distance at which the speaker stands, 
a reflecting surface will return the echo of several, or of fewer 
syllables ; for in order to avoid confusion, all the syllables must 
be uttered before the echo of the first syllable reaches the ear. 
In a moderate way of speaking, about 3^ syllables are pro- 
noun 3ed in one second, or seven syllables in two seconds. 

706. EzplaiD Fiff. 159, and give the reason. Suppose a sound to be produced la 
one of the foci or an ellipse, where then might it be most distinctly neard 1 707. 
What number of echoes are said to happen from one spund ? 706. How man^ cf Ua^ . 
bles are pronounced in a second 1 When an jftc\M> Tep«ttX« ««t«ii «)>&xfic^x»H\0V« Vtt 
9fri0 the rellecting sur/ace ? Explain this. 
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TLcrefore wLen an echo repeats seven syllables, the reflecting 
surface is 1,142 feet distant; for sound travels at the rate of 
1,142 feet per second, and the distance from the speaker to the 
reflecting object, and again from the latter to tiie former, is 
twice 1,142 feet. When the echo returns 14 syllables, the in- 
flecting object must be 2,284 feet distant, and so on. 

709. It is stated that a fsunous echo in Woodstock, (Eng- 
land,) repeats seventeen syllables in the day, and twenty in the 
ni^ht, and on the north side of Shepley church in Sussex, it is 
said that an echo repeats distinctly, under frivorable circum- 
stances, twenty-one syllables. 

710. Effects of Surface. — On a smooth sur&oe, the rays, oi 
pulses of sound, will pass vrith less impediment than on a rough 
one. For this reason, persons can talk to each other on ue 
opposite sides of a river, when they could not be understood at 
the same distance over the land. The report of a cannon at 
sea, when the water is smooth, may be heard at a great dis- 
tance, but if the sea is rough, even without wind, the sound will 
be broken, and will reach only half as far. 

711. Musical Instrumbnts. — The strings (f musical instru- 
ments are elastic cords, which being fixed at each endy produce 
sounds by vibrating in the middle. 

The string of a violin or piano, when pulled to one side by 
its middle, and let go, vibrates backward and forward, like a 
pendulum, and striking rapidly against the air, produces tones, 
which are grave, or acute, according to its tension, size, or 
length. 

712. The manner fig. wo. 

in which such a 
string vibrates is 
shown by Fig, 100. 
K pulled from E 
to A, it will not stop 

again at E, but in Muneea stnnf. 

passing from A to 

E, it will gain a momentum, which will carry it to C, and m 
returning, its momentum will again carry it to D, and so on, 
backward and forward, like a pendulum, until its tension, and 
vhe resistance of the air, will finally bring it to rest. 

713. Tones depend on Size and Tension. — The grave or 




709. How many syllables is It said some echoes repeat 7 710. Why is it that per 
■ens can converse on the opposite sides of a river, when they could not hear each 
other at the same distance over the land 1 711. How do the strings of musical instni' 
mMitf produce founds } 719. Explain Fig. 160. 
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sharp tones t^f the same string, depend on its different degrees 
of tension ; hence, if a string be struck, and while vibrating, its 
tension be increased, its tone will be changed from a lower to a 
higher pitch. 

Strings of the same length are made to vibrate slow, or quick, 
and consequently to produce a variety of sounds, by making 
some larger than others, and giving them different degrees of 
tension. The violin and bass viol are familiar examples of this. 
The low, or bass strings, are covered with metalhc wire, in ordei 
to make their magnitude and weight prevent their vibration 
from being too rapid, and thus they are made to give deep or 
grave tones. The other strings are diminished in thickness, and 
increased in tension, so as to make them produce a greater 
number of vibrations in a given time, and thus their tones be- 
come sharp or acute in proportion. 

714. -^oLiAN Harp. — Under certain circumstances, a long 
string will divide itself into halves, thirds, or quarters, without 
depressing any part of it^ and thus give several harmonious 
tones at the same time. 

The fairy tones of the -^Eolian harp are produced in this man- 
ner. This instrument consists of a simple box of wood, with 
four or five strings, two or three feet long, fastened at each end. 
These are tuned in unison, so that when made to vibrate with 
force, they produce the same tones. But when suspended in a 
gentle breeze, each string, according to the manner or force in 
which it receives the blast, either sounds, as a whole, or is 
divided into several parts, as above described. The result 
of which, is the production of the most pleasing combination 
and succession of sounds, that the ear ever listened to or fancy 
perhaps conceived. After a pause, this fairy harp is often heard 
beginning with a low and solemn note, like the bass of distant 
music in the sky ; the sound then swells as if approaching, and 
other tones break forth, mingling with the first, and vrith each 
other. 

715. The manner in which a string vibrates in parts, will b« 
understood by Fig. 161. 

Suppose the whole length of the string to be from A to B, 
and that it is fixed at these two points. The portion from B to 
C vibrates as though it was fixed at C, and its tone differs from 
those of the other parts of the string. The same happens from 

713. On what do the grave or acute tones of the same string depend 1 Why aie 
the bass strincs of instruments covered with metallic wire 1 714. why is there a va^ 
riety of tones m the JEoliau harp, since all the atringa ate l\m«d Vcv wci\aiQ>ti% *l^&.l^x% 
lilaiJi Fig I8h thowiagthe manaer in which itr\ngft ^\k«Xa Vti yvcva. 
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C to D, and from D to A. While a string u thus vibraiing, if 
a small piece of paper be laid on the part C, or D, it will re- 
main, but if placed on any other part of the string, it will be 
shaken off. 



FIG. 161. 




716. MoNocHORD. — An instrument called manockord ^ single 
fltring,** or sonometer ^ sound measurer," is used to determine 
the number and theory of musical vibrafions, as appHed to 
stringed instruments. It consists of a wooden box, several feet 
in length, 1, 2, Fiff. 162. At A, a catgut or metallic string is 
fastened, which passing, over the bridges B and C, and then 
over the roller D, has a weight suspended for its tension at K 



no. 1G2. 




MoTiochord. 

Tlio bridge C is attached to a scale, on which it moves, 
80 that the string can be shortened at pleasure. There is also 
l»r()vicl(»d a number of leaden weights, having slits to the center, 
to b(j slipjxid on the string, and by which its tension can be in- 
crouHcd or diminished. 

717. Hy means of the monochord, many curious and important 
inferences, with respect to stringed instruments have been drawn. 
We extract from Muller a few of the most important of tjieso 
laws. 



716. Wiiat it the meaning of monochord, and what its uso7 Describe the mono 
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718. The number of vibrations of a string ^ is inversely its iU 
length 

If the string of any instrument makes a given number of vi- 
brations in a certain time, it would make in the same time, 2, 
3, or 4 times as many vibrations, ii^ with the same tension, we 
let only J, -J-, or -}• of its length vibrate, and so in these propor- 
tions, whether it be made longer or shorter. 

719. The number of vibrations of a string is proportional to 
the square root of its stretching weighty or its tension, 

TIius, if the tension of a given length of string be equal to 4, 
9, or 10, then the velocity of its vibrations will be 2, 3, or 4 
' times as great. 

720. The number of vibrations of different strings^ of tJie 
same substancej is inversely (W their thickness. 

If we take two steel wires of equal length, whose diameters 
are as 1 and 2, then with the same tension, 1 will make twice 
as many vibrations as 2 in the same time. 

721. Capacity of the JSuman Ear^ — From Prof. Hoblyn's, 
London, edition of this work, we add the following : " The ca- 
pacity of the human ear for appreciating the vibrations of a son- 
orous body, is restricted within certain limits. It has been 
proved by experiment, that the lowest note we are capable of 
perceiving, is that produced by a body performing 32 half vi- 
brations, or 16 impulses, in one second of time ; and the highest, 
that which is performed by 16,000 impulses in the same time. 
It is stated, however, that a finely attuned ear is capable of ap- 
preciating, as a distinct sound, a kind of hissing noise, occasioned 
by 48,000 half vibrations, or 24,000 impulses in a second of 
time." ^ *, 

WIND INSTRUMENTS. 

722*. In stringed instruments, we have seen that the sounds 
are produced by the vibration of stretched cords on the air. 

In musical pipes the tones are produced, in part, by the pass- 
age of the air through apertures of various forms, and in pait 
by the vibration of the pipes themselves. 

723. Organ Pipes, — ^The most complicated, important, and 
costly instrument is the organ. This, indeed, embraces in its 
structure nearly every known wind instrument, and therefore 
may be considered as a collection of such instruments, each of 

718. To what is the number of vibratioDsof a string proportioned 1 719. How doea 
tension affect the vibrations 7 720. How does thickness atiect vibrations 7 721. What 
is said of the capacity of the ear to appreciate Rout\da'\ ^PSL. l\o^ vt% ^i>cv%\»^^Rk>^ 
muncal pipe* Tprodnc^ 1 723. Wliat Instruxnems doea OCi« oTtB»xv «ls^xv:.^^ 
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which may be played separately, or, when great power is re* 
quired, several may be played in unison. 

724. Stops. — A stop consists of a rank of pipes on a nnifiMm * 
nxxlel. Some are only treble, and others only baas stops. In 
general, however, a stop includes the pipes belonging to eadi 
instrument) as the Flute, Trumpet, Hautboy, and Dnldana 
stops. 

725. The Diapason (which means through all) 
is the principal stop, and on this all the other 
stoTM are founded, or are made to correspond. 

720. Flue and Reed Stops, — ^This is the great 
division of the whole or^an, and depends on the 
mechanism by which the tones are produced, 
every organ in this respect, having only two 
stufM, or sorts of pipes, however numerous the 
individual stops may be. 

727. Flue Pipes. — These consist of the body 
or tube B, Fit;. 163, and the foot P, between 
which tlicro is a diaphragm or partition, having 
a narrow, transverse aperture to emit the wind 
from the bellows, as shown by the figure. Over 
this aperture is a sharp edge called the upper lip, 
aj^ainst which the wind is forced, and by whidi 
the sound is produced, and which is modified by 
the size and form of the pipe. 

728. Chestnut Whistle. — Tlie chestnut or wil- 
low whiHtlo, made by every lad in the country, is 
a good illustration of the flue organ pipe, the 
construction of both, being precisely on the same 
principle. 

7*20. Heed Pij^es. — Tliese differ from the above, 
in having a piece of thin brass, or other metal, 
|)lac(Hl in the mouth of the pipe, and called the 
tont/ue, the vibration of which produces the sound. 
The loiigue is fastimed to a cylindrical piece of 
nifital l)et\v(MMi C C, Fiff. 164, which is called the 
hfork. T\\{) dotted lines C C, show the tuning 
inirr*^ which j)asfies through the block, and by the 
HlKiing of which, up and down, tlie tones are Reed Pipe 



Flme Pipe. 



FIG. 164. 




724. What \n meant by a itop ? 725. What is said of the diapason stop? 726. Int« 
what atopa \u tlio entirft orij^aii divided ? 7'27. Show by Fig. IKJ, the construction ol 
Uie flue pIpoH. 728. What is said to be a good illustration of these pipes? 729. D» 
•criDe the parts of a reed pipe by Pig. 164. 
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varied, the pitch becoming flat or shaip, as the tongue is made 
long or short. 

The reed pipes are generally of metal, the body of which is 
shown by A B. 

730. Strticture of the Pipes. — The large pipes are commonly 
made of wood, and are square in form, though some wood 
pipes are only a few inches long. The largest of these pipes 
are 32 feet long and 15 inches in diameter. 

731. The metal pipes are in the form of a cone or cylinder, most 
of the smaller ones being of these forms and substance. In a 
few instances, metallic pipes of immense size and weight have 
been constructed. 

The largest ever made, is at Birmingham, England, which 
is 32 feet long and 24 inches in diameter. It is of zinc, in 
form of a cylinder, standing in front of all the other pipes. 

732. Tuning the Organ. — The pipes are timed by various 
means, depending on their forms ; tJie substance of which they 
are made, and whether they are open or stopped. 

733. Stopped wooden pipes are tuned by a pompion, or stop- 
per, which is of wood, covered with leather, exactly fitting the 
end, and which is drawn up, or pushed down, to make the tones 
more grave or sharp. 

The stopped metal pipes, have a cap on the top, and by the 
movement of which,.they are tuned on the same principle as 
those of wood. In some cases, stopped metallic pipes are tuned 
by means of ears on each side of the mouth, by the bending of 
which, the tones are varied. 

Open metal pipes are tuned by a wooden instrument, one 
end of which is a solid cone, and the other a hollow cone. By 
this, the tops of the pipes are expanded by introducing the solid 
end, to make the pitch sharper, and contracted by me Iiollow 
cone, to make the pitch flatter. 

The reed pipes, as already noticed, are tuned by the motions 
of the tuning wire. 

I^ed Pipes vary with the Temperature. — ^The tongues of 
these pipes vary in length by heat and cold, and hence their 
tones change, for the same reason that the clock goes faster in 
^nter than in summer, as explained, 285. It is probably on 
this account that organists find difiSculty in keeping these stop 
in tune. 



730. What is said of the structure of these pipes 1 731. Of what size are the larf est 
organ pipes 1 732. Hon^ are the pipes tuued 1 733. How are the stopped pipes tuned 1 
How are the open pipes tuned 1 What is said of the influence of temperature on th« 
n«d pipes) 
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734. ArniQurnr of thb Organ. — The earliest aoooontof 
any instrument similar to the orffan, occurs in the Tenth Book 
of Vitrunus, a Greek writer, who lived a centaiy before the 
Christian era. This was moved by water, and hence was called 
a hydrauUcon, 

The first organ spoken of in France, was of Greek construc- 
tion, and was sent to King Pepin, the £EUher of Charlemagne, 
by the Emperor Constantine, about A. D. 757. This was 
moved by wind. 

The first of any size known in England, was that of Winches- 
ter Catliedral, in 951. Tliis had 26 pairs of bellows, which it 
required 70 men to work. It had 10 keys, and 40 pipes to 
each key. 

Notwithstanding the antiquity of this invention, it was not 
until after the Reformation that any great improvements were 
made in this instrument Even so late as 1660, only four organ 
builders were to be found in Great Britain. 

Tins instrument, in our country, was unknown to the common 
people a century ago ; and at the time of our revolution, com- 
paratively few persons, except in large cities, had ever heard an 
organ. It is hardly necessary to add, that the organ, as it now 
exists, is an entirely different instrument from that so called 
only fifty years ago, and that, at present, no village having a 
church of any pretensions, is witliout an oi^an. 

LARGE ORGANS. 

736. Perhaps wo can not gratify our readers more than to 
acid short notices of a few of the largest organs in the world. 

Haarlem Organ. — This has long been the most celebrated of 

organs. It was built in 1638, at the cost of $60,000. The case 

•is 108 feet high by 60 feet wide. It has 60 stops; 12 pair of 

bellows ; 4 rows of keys ; 6000 pipes, of which two are 32 feet 

long and 15 inches wide. The fee for hearing tlie whole is $5. 

Freijhurg Organ^ in Switzerland. — It is said that no instru- 
ment ever was, or ever will bo built like this ; the artist, Moser, 
refusing to build another, and no one being allowed to see the 
intorior. The wonder, and the secret, with resjKJct to Uiis organ, 
is in its having a stop, the tones of which are so exactly like 
those of the human voice, that visitors mistake it for a large choir 
of sing( rs. It has 68 stoj)? and 4 rows of keys. 

Mufiic llally J^Jdiuhnrgh^ Organ. — This immense instrument 



731. What is Mild of the antiquity of the organ 1 
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has 82 stops, 4 rows of keya, 1 wooden pipe of 32 feet 
Mveral of metal of 16 feet in length. 

ffamburgh Organ. — This organ, in St, Michael's Church, wm 
built in 1702, and coat more than $20,000. It has 4 rows c^ 
keya; three pipea of 32 feet, and nine of 16 feet; 10 wind 
cheats and 10 pair of bellows. The pipes of the large pedali 
stop, are of pure tin highly polished, and placed in front 

The Weingarten Organ. — This is in the Benedictine Monaa- 
tery, in Suahia, and was huilt about IVSO. It has 4 roi 
keya ; 3 pipea of 32 feet ; 4 of 16 feet, and 4 uniaona. It ha* 
in the whole, 6,666 pipea; namely, in the great organ, 2,178 
in the choir, 1,176 ; in the third organ, 1,274 ; in the echo or 
gan, 1,225, and in iiie pedal organ, 815. 

Berlin Organ. — Tliis organ, at Berlin, PniBsia, was designed 
to be the largest in the world, and to contain 150 stops and 8 
rows of keys, besides the pedals, but it remains unfinished. 

Baltimore Cathedral Organ. — Tliia is s^d to be the largesfr 
in the .United States. It has 36 stops and 2,213 pipes, th« 
largest being 32 feet long. 



This is a musical instrument invented by Dr. FranUin, though 
it has been much improved since his day. 
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Kift conmsts of a number of gla-ss goblets of different sizes, and 
\ attuned to each other as to form the harmonic scale. 
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Thej aie firmlj fastened to the bottom of a box, their tom 
being so nicely adapted to the scale, by the artist who ooo* 
structs tlivin, as to need no tuning, thoi|gh one or two of them 
contain water as a convenience. 

They are ]>layed by touching the edges with the wet finger, 
and their tones may be prolonged, and made to swell or diimn- 
Lsh, like those of the violin. 

IVrhaps no music to which the human ear has ever listened, 
IS equal m sweetness, delicacy, and smoothness to this. No one 
can hear it withuut a thrill of delight, nor for the first time^ 
without astonishment. It is indeed an .^Eolian haip undei 
command of the artist. 

The arrangement and comparative sizes of the goblets, are 
shown by Fig. 165, which presents the natural key, or nuijor. 

The gublets hold from a quart to half a pint, and their tones 
(l(>pon(l, in part, upon their capacity, and in part upon the 
weight or thickness. 

Tlio instrument here represented, is capable of producing all 
the tones of the most common and simple melodies. 

We are told that Mr. Francis H. Smith, of Baltimore, furn- 
ishes Ilarmonicons, put up in boxes, at various prices, from 18 
to 85 dollars. 

ATMOSPHERIC PHENOMENA. 

730. Tlie term atmosphere is from two Greek words, which 
signify va]X)r and sphere. It is the air which surrounds the 
earth to the height of forty-five miles, and is essential to the 
liv^s of all animals, and the production of all vegetables. 

All meteorological phenomena, with which we are acquainted, 
depend chiefly, if not entirely, on the influence of the atmos- 
phere. Fogs, winds, rain, dew, hail, snow, thunder, lightning, 
electricity, sound, and a variety of other phenomena of daily 
occurrence, belong to the atmosphere. We have, however, only 
room for the most common result of atmospheric changes. 
Wind and Main, 

WIND 

737. Wind is nothing more than air in motion. The usi 
of afan^ in warm weather^ only serves to move the airland thus 
to make a little breeze about the person using it. 



736. Wliat is the atmosphere? How high does the atmosphere extendi What 
phenomena mentioned, depend on the atmosphere 1 737. What is wind 1 Aa a 
natural phenomenon, how is wind produced ; or, what is the cause of wind 1 How 
l«thlaillui(trated1 
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As a natural phenomenon, that motion of the air which we 
call wind, is produced in consequence of there being a greater 
degree of heat in one place than in another. The air thus 
heated, rises upward, while that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
ward the place where it is thus rarefied, makes the wind blow 
firom every point toward the flame. 

738. Sea and Land Breeze, — On islands, situated in hot 
climates, this principle is charmingly illustrated. The land, 
during the day time, being under the rays of a tropical sun, 
becomes heated in a greater degree than the surrounding ocean, 
and, consequently, there rises from the land a stream of warm 
air, during the day, while the cooler air from the surfece of the 
water, mo\ing forward to supply this partial vacancy, produces 
a cool breeze setting inland on all sides of the island. This 
constitutes the sea breeze, which is so delightful to the inhabit- 
ants of those hot countries, and without which men could hardly 
exist in some of the most luxuriant islands between the tropics. 

During the night, the motion of the air is reversed, because 
the earth being heated superficially, soon cools when the sun ia 
absent, while the water, being warmed several feet below iti 
surface, retains its heat longer. 

Consequently, toward morning, the earth becomes colder than 
the water, and tiie air sinking down upon it, seeks an equilib- 
rium, by flowing outward, like rays from a center, and thus 
the land breeze is produced. 

The wind then continues to blow from the land until the 
equilibrium is restored, or until the morning sun makes the land 
of the same temperature as the water, when for a time there 
will be a dead calm. Then again the land becoming warmer 
than the water, the sea breeze returns as before, and thus the 
inhabitants of liiose sultry climates are constantly refreshed dur- 
ing the summer season, with alternate land and sea breezes. 

Y39. Trade Winds, — At the equator, which is a part of the 
earth continuaUfjuxkdfr the heat of a burning sun, the air is 
expanded, and aseetiis upwq/rd, so as to produce currents from 
the north and south, which move forward to supply the place 
of the heated air a^ it rises, 

738. In the islands of hot climates, why does the wind blow inland during the dar 
tod off the land during the night 1 What are these breezes called 7 739. What is 
•aid of the ascent of heated air at the equator? What is the consequence on the air 
towamd^ th0 north and south t How are the trade winds formed t 
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These two currents, coming from latitudes where the dailj 
motion of the eartli is less than at the equator, do not obtain 
its full rate of motion, and therefore, when they approach the 
equator, do not move so &st eastward as that portion of the 
earth, by the difference between the equator^s velocity, and that 
of the latitudes from which they come. This wind, therefore, 
falls behind the earth in her diurnal motion, and consequentlj 
has a relative motion toward the west. This constant breeze 
toward the west is called the trade wind^ because a large po^ 
tion of the commerce of nations comes within its influence. 

Y40. Counter Currents, — While the air in the lower r^ons 
of the atmosphere is thus constantly flowing from the north and 
south toward the equator, and forming the trade winds between 
the tropics, the heated air from these regions as perpetually 
rises, and forms a counter current through the higher r^ons, 
toward the north and south from tiie tropics, thus restoring the 
equilibrium. 

This counter motion of the air in the upper and lower regions 
is illustrated by a very simple experiment Open a door a few 
inches, leading into a heated room, and hold a lighted candle 
at the top of the passage ; the current of air, as indicated by 
the direction of the flame, will be out of the room. Then s^ 
the candle on the floor, and it will show that the current is 
there into the room. Thus, while the heated air rises and passes 
out of the room, at the same time that which is colder flows in, 
along the floor, to take its place. 

This explains the reason why our feet are apt to suffer with 
the cold, in a room moderately heated, while the other parts of 
the body are comfortable. It also explains why those who sit 
in the gallery of a church are sufficiently warm, while those 
who sit below may be shivering with the cold. 

741. From such facts, showing the tendency of heated air to 
a<^ccnd, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind blows 
l)erpotually from the north and south toward the tropics ; for 
the air being heated, as stated above, it ascends, and then flows 
north and south toward the poles, until, growing cold, it sinks 
down and again flows toward the equator. 



740. While the air in the lower res:ions flows from the north and south toward the 
equator, in what direction does it flow in the higher regions ? How is this counter 
current in lower and upper regions illustrated by a simple experiment ? 741. What 
common fact «loes this experiment illustrate? Explain Fig. 166, and sbowwbidl 
Way the air passes. 
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Perhaps these opposite motions of the two currents will be 
better understood by the sketch, Fig. 166. 




Opposite Currents qf Air, 

Suppose A B C to represent a portion of the earth's surface, 
A being toward the north pole, C toward the south pole, and 
B the equator. The currents of air are supposed to pass in the 
direction of the arrows. The wind, therefore, from A to B 
would blow on the surface of the earth, from north to south, 
while from E to A, the upper current would pass from south to 
north, until it came to A, when it would change its direction 
toward the south. The currents in the southern hemisphere 
being governed by the same laws, would assume similar di- 
rections. 

YELOCmr OF WIND. 

Y42. The velocity of aerial movements amount, according to 
authors, from to upwards of 100 miles an hour ; but the max- 
imum is variously stated by different experiments, nor do we 
see how any great degree of accuracy can be attained on this 
point The best method is, to deduce the velocity, by the force 
of wind ; which is done by an instrument invented for that pur- 
pose by Dr. Lind, a figure of which we here insert. 

743. Anemometer,' or Wind Measurer. — It consists of a 
glass tube. Fig, 167, bent into the form of the letter U, and 
open at both ends. The upper end of B is bent to the hori- 
zontal direction, and is widened at the mouth for the purpose 
of receiving the wind. TEe tube being partly filled with water, 
and exposed to a current of air, the fluid is depressed in that, 
and of course rises in the other leg of the tube. As the water 



743. What is the name of the instrmnent which measorea the force of wind ? {low 
la ft conatructed 1 
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b on a lerel in both bnmclMs wliai die ar is 
slilL, if it n depresfied to B on one side, it 
must rise to C on the other, the amoont of 
rise, and conseqaentiT the degree of €xce, be- 
ing measured by a graduated scak. Xow as 
the pressure of water is as its he^t, the rise 
in the tube will not be in direct proportioa to 
the force of the wind, but the Tekxitj of the 
wind will be in the ratio of the square root of 
the resistance. The tube is diminished at the 
baso to check the undulations of the water. 

744. By this instrument it is found that 
the following popular expressions with respect 
to aerial currents, are indicated on the scue as here exprosBed. 




Velocity of the Wind in miles per hour. 

1 Hardly peroeptiUe. 

4 €ientle breeze. 

6 Reasant Wind. 

10 Brisk wind. 

15 Very brisk wind. 

20 BBgh wind. 

30 Very high wind. 

40 A storm. 

50 A hard stonn. 

60 A great storm. 

80 A hurricane. 

100 A violent hurricanoi 



RAIN. 



745. Hain is falling water in the form of drops. It appears 
to result from tlie meeting of two clouds of different tempera 
t tires. 

In (explaining the theory of rain, it must be understood, that 
warm air luw a greater capacity for moisture than cold. It is 
also [iH(;('rtaino(l, that this capacity increases at a much faster 
ratio than the increjiso of temperature itself, and hence it fol- 
io wh that if two clouds at different temperatures, completely 
•iitiiratrd, mcict and mingle together, a precipitation of moisture 



7H. WImf rnrr(*DnnnrIfnr.f Ir thore between the velocity of wind, and common ex- 
|>r»'«nl«Mi« ] 740. Whrit Ih rain ? Wimt is said of the ratio of capacity for moisture 
liirri-nnlntf fnntrrtlinn t\u> ti-inperature in clouds? Explain the reason why, when 
•wo cIuiuIn tnnct ordlflfifrcul lcnip»;ratiir<!B, rain ig the result. 
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must fake place in consequence of the mixture. Thia would l 
result from the feet that the wamiest dond contained a gre ' 
portion of moisture than is indicated by its temperature, 
stated above, while the mixture ironld form a mean tempera- I 
tnre, but the mean quantity of vapor could not bo retained, f 
since the sum of their capacities for vapor would thus be di- 
irinished. 

V4e. Suppose for example, that at the Ifimperature of 1 5 de- 
grees, air can hold 200 parts of moisture ; then at 30 degrees < 
it would hold 400 parte, and at 45 degrees 800 parts, Noi 
lot two equal bulks of this air, one at 15, and the other at 45 
degrees be mixed, the compound would then contain 200 and 
800 parlfi of moisture ^1000, that is, 500 each, and the tem- 
perature of tlie mixture would he 30 degrees. But at tfau 
temperature, air is saturated wilh 400 parta of vapor, therefor^ | 
100 parts is rejected and falls in the form of rain. 

This is Dr. Hutton's theory of rain, and observation has 
seemed to prove its truth. 

747. Rain Gauge. — This ia an instrument designed to 
measure the quantity of rain which falls at any given time and 
place. 

748. A variety of forms, some quite comph- pia. gss, 
cated, have been invented for this purpose. The 
most aimjile and convenient, for common pur- 
poses, is that represented by Fig. 168. It may 
be two feet high, round in form, and made of 
tin, or copper, well painted. It is furnished with 
B small metallic feineet for drawing off the water, 
wd into the stem of tJiis, is inserted a glass tube, 
as a scale, divided into inches and tenths of 
inches. This may be done by means of paper, 
pasted on and then varnished. 

The water will stand at the same height in the 
glas^'scale that it does in the cylinder, and being 
on *iie outside, the quantity may be known at a glance. If the 
.*mnel, or top, is twice the size of the cylinder, then, an inch in 
tlie scale will indicate half an inch received into the gauge, or 
tbcse proportions may be a tenth, when much accuracy is 
required. 
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OPTICS. 

1. TTiis term^ ^erired from the Greet, mffmifiee mm m^ mU 
ex. It u that ifcience yhich treaU tjf vimimy umd t&e km, 
proj^ertitt, and phmometia <if H^ki. 

2. It admits of two divi5ioD&. Tiz^ I/icptrice, or m &ocfai»(m 
ibe laws of refracted light, and Caicptrice^ m treadse on Kfleded 
light. 

Hiis sdeDce iovol^es some of the iDoct eks^ant mod impoi- 
aijt braoches of natural philoeophr. It preseBts us with tsfo- 
im^iits which are attractive by their beamy, and wbidi astXjDisk 
us by their novelty ; and, at the same time, h investigateB the 
principles of some of the most useful among the artk&es cf 
common life. 

3. Tliere are two opinions concerning the nature of Bgfci 
Some maintain that it is composed of material paitides, whidi 
are constantly thrown off from the laminous bodv ; while otheis 
KupfK>se that it is a fluid, diffused through all nature, and that 
the luminois, or }>uming body, occasions waves or undalatioDS 
in tliis fluid, >;y ^\ liich tlie light is propagated in the same man- 
ner as sound is conveyed through the air. 

4. The mo>t probable opinion, however, is that light is oom- 
pofiod of exceediufjly minute particles of matter. But whatever 
may be the nature or cause of light, it has certain general prop- 
erties or effects which we can investigate. Thus, by experiment, 
we can det^^rmine the laws by which it is governed in its pass- 
age through different transparent substances, and also those by 
which it is governed when it strikes a substance through vhich 
it can not pass. We can likewise test its nature to a ce-lain 
degree, by decomposing or dividing it into its elementary parir. 
as the chemist decomposes any substance he wishes to analyze. 

5. Definitions. — To understand the science of optics, it is 
necessary to define several terms, which, although some of them 
may bo in common use, have a technical meaning, when ap- 
plied to this science. 



1. What Is the meanlnj? of optics 7 2. What are the meaning of dioptrics and ea^ 
pptric»1 What is said of the elegance and importance of this science? 3. What ar» 
Jno two opinions concerning the nature of light 1 4. What is the most probable opioi 
low? B. WhfttlBllghtl v f 
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Light is that principle, or substance, whicli enables as to see 
any body from which it proceeds. If a luminous substance, aa 
a burning candle, be carried into a dark room, the objects m 
the room become visible, because they reflect the light of the 
candle to our eyes. 

6. Luminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus are luminous bodies. 
The moon, and the other planets, are not luminous, since they 
borrow their ligljt from the sun. 

Y. Transparent bodies are such as permit the rays of light to 
pass freely through them. Air and some of the gases are per- 
fectly transparent, since they transmit light without being visible 
themselves. Glass and water are also considered transparent, 
but they are not perfectly so, since they are themselves visible, 
and therefore do not suffer the Ught to pass through them with- 
out interruption. 

8. Translucent bodies are suqh as permit the hght to pass, 
but not in sufficient quantity to render objects distinct, when 
seen through them. 

9. Opaque is the reverse of transparent. Any body which 
permits none of the rays of light to pass through it, is opaque. 

10. Illuminated, enlightened. Any thing is illuminated 
when the light shines upon it so as to make it visible. Every 
object exposed to the sun is illuminated. A lamp illuminates a 
room, and every thing in it. 

A Bay is a single line of light, as it comes from a luminous 
body. 

A Beam of light is a body of parallel rays. 

A Pencil of light is a body of diverging or converging rays. 

Divergent rays are such as come from a point, and contin- 
ually separate wider apart as they proceed. 

Convergent rays are those which approach each other, so as 
to meet at a common point. 

Luminous bodies emit rays, or pencils of light, in every di- 
rection, so that the space through which they are visible, is 
filled with them at every possible point 

Thus, the sun illuminates every point of space, within the 
whole solar system. A light, as that of a light<house, which 

6. What is a luminous body 1 7. What is a transparent body ? Are gUun and wa 
ter perfectly transparent 7 How is it proved that air is perfectly transparent 7 8 
What are translucent bodies 1 9. What are opaque bodies? 10. What is meant by 
lUomi Dated 7 What is a ray of light 7 ViThat is a beam 7 What a pencil 7 What are 
i&Targent rays 7 What are convergent rays ) In what direction do Ijjminoua bodv«% 
emit fight 7 How is it proved that a lumioous body fills Wfsri '^VcnX -^'V^tk ^ ««tva^ 
dieranee with Ught 7. 
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etn be seen from the distance of ten miks in one direction^ fflb 
ererj point in a circuit of ten miles from it, with light Were 
this not the case, the light from it conld not be seen from ev&j 
point within that circumference. 

11. Motion of light, Tlie rays of light move forward « 
itraight lines from the luminous hody^ and are never turned <mt 
of their course, except by some obstacle, 

no. 10OL • 




Motion fjf UghL 

Let A, Fig. 169, be a beam of light from Him^ snn jpasBing 
through a small orifice in the window shutter, B. Tne son 
can not be seen through the crooked tube C, because the beam 
passing in a straight line, strikes the side of the tube, and theie- 
fore does not pass through it. 

12. All illuminated bodies, whether natural or artificial, throir 
off light in every direction of the same color as themselves, 
though the light with which they are illuminated is white or 
without color. 

This fact is obvious to all who are endowed with sight. Thus 
the light proceeding from grass is green, while that proceeding 
from a rose is red, and so of every other color. 

We shall be convinced, in another place, that the white light 
with which things are illuminated, is really composed of several 
colors, and that bodies reflect only the rays of their own color, 
while they absorb all the other rays. 

13. Velocity of Light, — Light moves with the amazing ra- 
pidity of about 95 millions of miles in S-J- minutes, since it is 
proved by certain astronomical observations, that the light of 
tlie sun comes to the earth in that time. This velocity is so 
great, that to any distance at which an artificial light can be 
Been, it seems to be transmitted instantaneously. 



11. Why can not a beam of light be seen through a bent tube ? 12. What is the 
fcolor of the light which different bodies throw offi If grass throws off green ll^t, 
what becomes of the other rays? 13. What is the rate of velocity with which light 
AoTes 1 Can we perceive any difference in the time which it takes an artificia* 
\g'hl Xo paffs \m us from a great or small distance ? 
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^r If a ton of gunpowder were exploded oo the (op of a monit- 
tain, wtei* its light oould he seen a hundred miles, no percept 
ibie difference would be observed in the time of ila appearanoi 1 
on the apot, and at the distance o* ' ' ' " 



FIQ. 170. 



14. Allhouffka ray of light will pass in a straight lme,vihen 
not interrupted, get when it passes obliquely from one traiispaT- 
ent bodg into aiiotJier, of a different density, it leaves its linear 
direction, and is bent, or refracted more or less, out of its former 
course. 

This change in the direction of light, 
seems to arise from a certain power, 
or qnality, which transparent bodies 
possess in different degrees ; for some 
Bubstancea bend the rays of light much 
more obliquely than others. 

The manner in which the rays of 
light are refracted, may he readily un- 
derstood by Fig. \1Q. 

Let A be a ray of the sun's light, 

Eroceeding obliquely toward the aur- Rcfraotm. 

ice of the water C D, and let E he 
the point which it wonid strike, if moving only through the air. 
Now, instead of passing through the water in the line A £, it 
will be bent or refracted, on euteriog the water, from O to 
N, and having passed through- the fluid it is again refracted in 
a contrary direction on passing out of the water, and then pro- 
ceeds onward in a straight-line as before, 

15. Oap and Shilling. — The refraction of water is beauti' 
fhlly proved by the following simple experiment. Place an 
empty cup, Ji'ig. 171, with a shilling on the bottom, in such a 
position diat the side of the cup will just hide the piece of 
money from the eye. Then let another person fill the cup with 
water, keeping the eye in the same position as before. As the 
water is ponred in, the shilling will become visible, appearing 
to rise with the water. The effect of the water is to bend the 
ray of light coming from the shilling, so as to make it meet the 
e^ below the point where it otherwise would. Thus the eye 
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oould not tee the ahiHing in 
the directioD of C, since the 
fine of ^'ision toward A and 
C 18 hidden bj the side <^ 
the cup. But the refraction 
of the water bends the raj 
downward, producing the 
same effct as though the ob- 
ject had been raised upward, 
and hence it becomes visible. 

16. Refraction by Several 
Media, — Anj transparent 
body through which light passes, is called a medium^ and it is 
found in all cases, ^ that where a ray of Ught passeg obUquely 
from one medium into another of a different density^ it ii re- 
fracted, or turned out of its former course.^ This is iUnstrated 
in^the above examples, the water being a more dense medium 
than air. The refraction takes place at ihe sur&ce of the me- 
dium, and the ray is refracted in its passage out of the refract- 
ing substance as well as into it. 

17. If the ray, after hanng passed through the water, then 
strikes upon a still more dense medium, as a pane of glass, it 
will again Ije refracted. It is understood, that in all cases, the 
ray must fall ui)on the refracting medium obliquely, in order to 
be refracted, for if it proceeds from one medium to another per- 
pendicularly to their surfaces, it will pass straight through them 
all, and no refraction will take place. 

18. Thus, in Fip, 172, let A represent air, B water, and C a 
piece of glass. The ray D, striking each medium in a perpen- 
dicular direction, passes through them all in a straight line. 
The oblique ray passes through the air in the direction of C, 
but ineeting the water, is refracted in the direction of O ; then 
falling upon the glass, it is again refracted in the direction of 
P, nearly parallel with the pei*pendicular line D. 

\0. In all cases where the ray passes out of a rarer into a 
denser medium^ it is refracted toward a perpendicular line, 
raised from the surface of the denser medium, and so, when it 
passes out of a denser, into a rarer medium, it is refracted 
from the same perpendicular, 

16. Whiit !■ a medium 7 In what direction must a ray of light pass from one me- 
dium to another, to be refracted 7 17. Will a ray falling: perpenfjicularly on a medium 
be refracted 1 18. Explain FiR. 172, and show how the ray E is refracted. 19. When 
It pawtfN out of a rarer into a denser medium, in what direction is it refracted ? When 
It poMes out of a denser into a rarer medium, in what direction is the refraction I 
ICxpUinthiabjrFig. 173. 
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Let the medium B, Fig. 173, be fflnss, and the medinm 0, 
' vater. The ray A, as it &I!s upon tbe medium B, is refracted 
toward the perpendicular line E D ; but when it enters the wa- 
ter, whose refractive power is leas than that of glass, it is not 
bent so near the perpendicular as before, and hence it is re- 
fracted from, instead of toward the perpendicular line, and ap- 
proaches the original direction of the ray A G, when passing 
through the air. 




Ola4t and WaUr. 



Air WaUr.mdGlam. 



20 The cause of refraction appears (o be the power of rt- 
tfactiou which the denser medium exerts on the passing ray; 
and m all cases the attracting tbrce acta in the directJOQ of a 
perpeodicular to the refracting surface. 

21. BefmetiM by Water.— Th^ refraction of the rays of 
lifrht, as they fall upon the surface of the water, is the reason 
why a stnught rod, with one end in the water, and the other 
end risng above It, appears to be broken, or bent, and also to 
be shortened. 

Suppose the rod A, Fig. 174, to be set with one half of its 
lengtD below the surfhce of the water, and the other half above 
it. The eye being placed in an oblique direction, will see the 
lower end apparently at the point O, while the real termination 
of the rod would be at N ; the refraction will therefore make 
the rod appear shorter by the distance from to N, or one- 
fourth shorter than the part below the water really is. The 
reason why the rod appears distorted, or broken, is, that wfi 

V>. WhUblhecuiKof refrulionl 31. What la Ih« rtuon tbgt ■ rod.wlIhrM 
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judge of the direction of the part which is under the water, by 
that which is above it, and tbe refraction oi the rays oomiiig 
from below the surface of the water, give them a different direc- 
tioD, when compared with those coming from that part of the 
rod which is above it. Hence, when the whole rod is below 
the water, no such distorted appearance is obeenred, because 
then all the rays are refracted equally. 

For the reason just explained, persons are often deceived in 
respect to the depth of water, the refraction making it appe.ir 
much more shallow than it really is ; and there is no doubt but 
the most serious accidents have often happened to those who 
have gone into the water under such deception ; for a pond 
which is really six feet deep, will appear to the eje only a mtk 
more than four feet deep. 

DOUBLE REFRACTION. 

22. By double refraction is meant that property in certain 
native minerals, hy which they transmit two images of a tinyk 
object. 

This property is most perfect in specimens of carbonate of 
lime, usually called Iceland spar ; the latter name being form- 
erly given to the fine specimens from that country. At present, 
these rhomboids are found in most primitive limestone countries. 

A perfect piece, two inches in (fiameter, will show the lines 
about a quarter of an inch apart, the greater the thickness the 
more distant will be the images presented. Sometimes two or 
three pieces of different sizes, are wanted by the experimenters. 




if a piece of this spar be laid over a black line, and then be 
made to revolve slowly, it will be observed that the doubly re- 
fractive power increases in proportion as the acute angles of the 
rhomb correspond to the direction of the line, when the refrac- 
tion is greatest, or the two lines are widest apart. On the con- 
trary, if the crystal is turned in either direction beyond this 
point, the refracted lines approach each other, until the short 
diagonal or obtuse angles, correspond with the line, when the 
double refraction ceases entirely, and only a single line appears. 

83. What is meant by double refraction 1 Explain itii cause. 
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Explanation, — ^The cause of this difference is, that when the 
acute angles of the rhomb correspond to the black line, the re- 
fracted ray is most widely separated from the common ray, 
which depends on the thickness of the crystal, but when the 
position is reversed, the common ray is brought into the exact 
line of the refracted one, thus forming only a single line. 



CATOPTRICS, OR THE REFLECTION OF LIGHT. 

23. If a boy throws his ball against the side of a house swiftly, 
and in a perpendicular direction, it will bound back nearly in 
the line in which it was thrown, and he will be able to catch it 
with his hands ; but if the ball be thrown obliquely to the right, 
or left, it will bound away from the side of the house in the 
same relative direction in which it was thrown. 

The reflection of light, so far as regards the line of approach, 
and the line of leaving a reflecting surface, is governed by the 
same law. 

Thus, if a sunbeam. Fig, 175, passing through a small aper- 
ture in the window-shutter A, be permitted to fall upon the 
plane mirror, or looking-glass, 0, D, at right-angles, it will be 
reflected back at right-angles with the mirror, and therefore 
will pass back again in exactly the same direction in which it 
approached. 



FIG. I7& 



FIO. 170. FIG. 177. 
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24. But if the ray strikes the mirror in an oblique direction, 
it will also be thrown off in an oblique direction, opposite to 
that from which it came. 



23. BappoM a sanbeam tails upon a plane mirror, at right-angles with its auHae^ 
ki what direction will it be reflected ? 21. Suppose ths ray fails oblktuelr oa Us ans- 
ftcii in what dirsoUonwiU it then be reflated 1 
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Let a raj pass toward a mirror in the line A C, Fig, 1Y6, it 
will be reflected off in the direction C D, making the^gles 1 
and 2 exactly equal. 

The ray A C, is called the incident rsy, and the ray C D, 
the reflected ray ; and it is found, in all cases, that whatever 
angle the ray of incidence makes with the reflecting sur&oe, or 
with a perpendicular line drawn from the reflecting surface, ex- 
actly the same angle is made by the reflected ray. 

25. From these facts, arises the general law in optics, that 
tlie anffle of reflection is equal to the angle of incidence. 

The ray A C, Fig, 177, is the ray of incidence, and that 
from C to D, is the ray of reflection. The angles which A C, 
make with the perpendicular line, and with the plane of the 
mirror, are exactly equal to those made by C D, with the same 
perpendicular, and the same plane eurface. 

MIRRORB. 

26. Mirrors are of three kinds, namely, plane, convex, and 
concave. They are made of polished metal, or of glass covered 
on the back with an amxilgam of tin and quicksilver. 

Plane Mirror. — The common looking-glass is a plane mir- 
ror, and consists of a plate of ground glass so highly polished 
as to permit the rays of light to pass through it with little in- 
terruption. On the back of this plate is placed the reflecting 
surface, which consists of a mixture of tin and mercury. The 
glass plate, therefore, only answers the purpose of sustaining the 
metallic surface in its place, — of admitting the rays of light to 
and from it, and of preventing ijts surface from tarnishing, by 
excluding the air. Could the metallic surface, however, be re- 
tained in its place, and not exposed to the air, without the glass 
plate, these mirrors would be much more perfect than they aifc< 
since, in practice, glass can not bo made so perfect as to trans-' 
mit all the rays of light which fall on its surface. 

27. When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated ; and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are thrown off* under the same angle in the op 
posite direction. 



What is an incident ray of light 1 What is a reflected ray of light 7 25. What gen- 
era! law In optics results from observations on the incident and reflected raysl 26L 
How many kinds of mirrors are there 1 What kind of mirror is the common look« 
ng-glass 1 Of what use is the glass plate in the construction of this mirror 7 27. Ex- 
plaiD Pig 178, and show how the Ima^^e of an object can be seen in a plane mirror 
wben the real object is invisible. 
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Equal AngleM, 



This is the reason why the images of ''*• *^ 

objects can be seen when the objects 
themselves are not visible. 

Suppose the mirror, A B, Fig. 178, 
to be placed on the side of a room, and 
a lamp to be set in another room, but 
so situated as that its light would shine 
upon the glass. The lamp itself could 
not be seen by the eye placed at E, be- 
cause the partition D is between them ; 
but its image would be visible at E, be- 
cause the angle of the incident ray, 
coming from the light, and that of the 
reflected ray which reaches the eye, are equal. 

28. An image from a plane mirror appears to be just as far 
behind the mirror, as the object is before it, so that when a per- 
son approaches this mirror, his im>age seems to come forward to 
meet him ; and when he withdraws from it, his image appears 
to be moving backward at the same rate. 

Ij^ for instance, one end of a rod, two feet long, be made to 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact 

29. The reason of this is ex- 
plained on the principle that the 
angle of incidence and that of 
reflection are equal. 

Suppose the arrow A to be 
the object reflected by the mir- 
ror D 0, Fig. 179 ; the incident 
rays A, flowing from the end of 
the arrow, being thrown back 
by reflection, will meet the eye 
in the same state of divergence 
that they would do, if they pro- 
ceed to the sanie distance be- 
hind the mirror, that the eye is 

before it, as at O. Therefore, by the same law, the reflected 
rays, where they meet the eye at E, appear to diverge fi^m a 
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Plana Mirror. 



98. Tlie imag« of an object appeart just as far behind a plane mlrtor^an tbft<M^««* 
•t before it. ^. Explain Fig. i;9, and sbow why lh\s\6t]h% «aw. 



point H, just as fkr behind the mirr(»' sb A is beforo i^ and 
oonsequentlj the end of the arrow most remote fiom the ghas 
will appear to be at 11, or the point where the approaching 
rajs would meet, were they continued onward behind the glass. 
The rays flowing from every other part of the arrow Ibliow the 
same law ; and thus every part oi the image seems to be at 
the same distance behind the mirror that the object really is 
before it 

30. In a plane mirror^ a penon may nee his whole imofftf 
when the mirror is only half as long as himself^ let him stud 
at any distance from it whatever. 

This is also explained by the law, that the angles i^inddeoM 
and reflection are equal. K the mirror be elevated so that tlie 
ray of light from the eye &lls perpendicularly upon the mirror, 
this ray will be thrown back by r^ection in the same direction, 
so that the incident and reflected ray by which the image of 
the eyes and face are formed, will be nearly parallel, while the 
ray flowing from his feet will fall on the mirror obliquely, and 
will be reflected as obliquely in the contrary direction, and so 
of all the other rays by which the image of the different parts 
of the person is formed. 

This will be under- ^^ ^^a 

stood by Fig, 180, 
where the ray of light 
A B, proceeding from 
the eye, falling perpen- 
dicularly on the plane 
mirror B D, will be re- 
flected back in the same 

lino ; but the ray C D Mirror half the Length of the Obfeei. 

coming from the feet, 

which falls obliquely on the mirror, will be reflected back undei 
the same angle in the line D A ; and since we see objects in 
the direction of the reflected rays, and the image appears at the 
same distiince behind the mirror that the object is before it, 
(28,) we must continue the line A D to the feet, E, and for the 
same reason, the rays A B, from the eye, must be prolonged to 
F, as far behind the mirror as the line E extends, where the 
whole imago will be represented. 

Now, the lino 1) E, behind the mirror, is just equal to D A 




80. What must be the comparatiye length of a_plane mirror in which a person maj 
■•• hit whole image 1 Explain, by the lines in Fig. 180, why it is that a lady may Mt 
iw ial f in a mirror one half her length. 



ind thus could not be seer ; 
e whole image, though' 




he&iTe it ; and the distance of A C is just twice tliat of B D ; 
therefore, the whole person is seen in a mirror of half ita length, 
the image being as far behind the reflector as the object is 
before it. 

31. A shorter mirror would not show the whole person, be- 
cause the rays coming from the feet would fall so obhquely vpau' 
it 88 to be reflected above his head, ai " ' 
but another placed there might see 
the owner could not. 

32. CoNVKS MiHRon. — A eon- 
vex mirror is a part of a sphere, 
w globe, rejleeting from the out- 

Suppose Fig, 131 to be a 
sphere, then the part from A to O, 
would be a section of the sphere. 
Any part of a hollow ball of glass, 
witQ xa amalgam of tin and quick- 
silver spread on the inside, or any 
part of a metalhe globe polished 
OQ the outside, would form a con- 



The axis of a convex mirror, is a line, as C B, passing thioug 
its oenter. 

33. Divergent and Convergent 
Bays. — Rays of light are said to 
diverge, when they proceed from 
the same point, and constantly re- 
cede from each other, ns from the 
point A, ^!j. 182. Eays of light 
are said to converge, when they Bayt if UgU. 
approach in such a direction as 
finally to meet at a point, as at B, Fig. 182. 

The Image formed by a plane mirror, as we have alread 
seen, is of uie same size as the object, but the image reflects 
from the convex mirror is always smaller than the object. 

The law which governs the passage of light with respect t( 
the angles of incidence and reflection, to and from the ra 
mirror, is the same as already stated, for the plane mirror, 

34. From the surface of a plane mirror, parallel rays a 
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Divergeni Roj/t. 



fleeted parallel ; but the convex mirror causes paraM la^ fidi 
iDg on its surface to diverge^ by reflection. 

To make this understood, let 1, 
2, 3, Fiff, 183, be parallel rays, 
fiilling on the surface of the convex 
reflector, of which A would be the 
center, were the reflector a whole 
sphere. The ray 2 is perpendicu- 
lar to the surface of the mirror, for 
when continued in the same direc- 
tion, it strikes the axis, or center 
of the circle A. The two rays, 1 
and 3, being parallel to this, all 
three would fall on a plane mirror 
in a perpendicular direction, and 
consequently would be reflected in 
the lines of their incidence. But 
the obliquity of the convex surface, 
it is obvious, will render the direc- 
tion of the rays 1 and 3 oblique to that surface, for the same 
reason that 2 is perpendicular to that part of the circle on which 
it falls. Rays falling on any part of this miiTor, in a direction 
which, if continued through the circumference, would strike the 
center, are perpendicular to the side where they fell. Thus, the 
dotted lines, C A and D A, are perpendicular to the surface, as 
well as 2. 

Now the reflection of the ray 2, will be back in the line of 
its incidence, but the rays 1 and 3, falling obliquely, are reflected 
under the same angles as those at which they fell, and there- 
fore their lines of reflection will be as far without the perpen- 
dicular lines C A and D A, as the lines of their incident rays, 
1 and 3, are within them, and consequently they will diverge 
in the direction of E and O ; and since we always see the image 
in the direction of the reflected ray, an object placed at one, would 
appear behind the surface of the mirror, at N, or in the direc- 
tion of the line N. 

35. Plane Surfaces, — Perhaps the subject of the convex 
mirror will be better understood, by considering its surface to 
be formed of a number of plane faces, indefinitely small. In 
this case, each point from which a ray is reflected, would act in 



84. Are parallel rays falling on a convex mirror, reflected parallel 1 Explain Ffj. 
1831. JW. How is the action of the convex mirror illustrated by a number of plane 
Explain Fiffs. )84 and 185. 
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tbe same maimer as a plane mirror, and the whole, in the man- 
ner of a number of minute mirrors inclined from each other. 

Suppose A and B, Fig, 184, to be the points on a convex 
mirror, from which the two parallel rays, C and D, are reflected. 
Now, from the surface of a plane mirror, the reflected rays 
would be parallel, whenever the incident ones are so, because each 
will fall upon the surface under the same angles. But it is ob- 
vious, in the present case, that these rays fall upon the surfaces, 
A and B, under different angles, as respects the surfaces, C ap- 
proaching in a more oblique direction than D \ consequently 
IS reflected more obliquely than D, and the two reflected rays, 
instead of being parallel as before, diverge in the direction of N 
andO. 

FIG. 181. FIG. 186. 




Plane Surface. Convergent. 

Again, the two converging rays A and B, Fig. 185, without 
the interposition of the reflecting surfaces, would meet at C, but 
because the angles of reflection are equal to those of incidence, 
and because the sur&ces of reflection are inclined from each 
other, these rays are reflected less convergent, and instead of 
meeting at the same distance before the mirror that C is behind 
it, are sent off" in the direction of D, at which point they meet 

36. " Tlius parallel rays falling on a convex mirror, are ren- 
dered divergent hy reflection; converging rays are made less 
convergent, or parallel, and diverging rays more divergent. 

The effect of the convex mirror, Uierefore, is to disperse the 

36. What efTect does tbe conyez mirror have upon parallel rays bj reflecticn 1 
What is its eflTect on conver^ng rays 1 What is its effect on diverjring rays 1 Do the 
njB of light proceed only from the extremities of objects, as represented In figures, 
or from all their parts 1 Do all the rays of light proceeding from an obi«cl «otot ^Sm. 
^e, or only a few of them t 



rayB of ligbt in all directions ; and it is proper here to remind 
the pupil, that although the rays of lignt are represented on 
paper by single lines, there are, in &ct, probably millions of 
rays, proceeding from every point of all visible bodies. Only a 
comparatively small number of these rays, it is true, can enter 
the eye, for it is only by those which proceed in straight lines 
from the different parts of the object^ and enter the pupil, that 
the sense of \'ision is excited. 

37. When, therefore, it is said, that the convex mirror dis- 
perses the rays of light which fall upon it from any object, and 
when the direction of these reflected rays are shovm only by 
single lines, it must be remembered, that each line represents 
pencils of rays, and that the light not only flows from the paHs 
of the object thus designated, but from all the other parts. 
Were this not the case, the object would be visible only at cer- 
tain points. 

38. Curved Images. — The images of objects reflected from 
the convex mirror^ appear curved^ because their different parts 
are not equally distant from its surface. 

If the object A be placed 
obliquely before the convex ^®* ^*' 

mirror, Fig, 186, then the 
converging rays from its two 
extremities falling obliquely 
on its surface, would, were 
they prolonged through the 
mirror, meet at the point C, 
behind it. But instead of 
being thus continued, they Curved image, 

are thrown back by the mir- 
ror in less convergent lines, which meet the eye at E, it being, 
as we have seen, one of the properties of this mirror, to reflect 
converging rays less convergent than before. 

Tlie image being always seen in the direction from which the 
rays approach the eye, it appears behind the mirror at D. If 
the eye be kept in the same position, and the object. A, be 
moved further from the mirror, its image will appear smaller, 
in a proportion inversely to the distance to which it is removed. 
Consequently, by the same law, the two ends of a straight ob- 
ject will appear smaller than its middle, because they are further 

^ 

37. What would be the conscqnence, if the rays of light proceeded only from the 
PMts of an object shown in diagrams 1 38. Why do the images of objects reflected 
iTpm convex mirrors appear curved) Why do the features of the face appear oat 
«f propbrtion by this mirror 7 




from the reflecting surface of the mirror. Thns, tlio images of 
Btnught objects, held before a convei rairror, appear curved, and 
for the same reason, the features of the face appear out of pri/- 
portion, the now being too large, and the cheeks too small, or 

39. Whi/ Objeels appear Large or Small. — Objecta appear to 
na large or small, in proportion to the angle which the rays of 
light, proceeding from their extreme parts, form, when they 
meet at the eye. For it b plain that the half of any object wiU 
appear under a lesq angle than the whole, and the quarter 
under a less angle still. Therefore the smaller an object is, tha 
smaller will be the angle under which it will appear at a given 
distance. Bence the imageof an object, tehen reelected from the 
convex mirror, appears smaller than the object itself. This will 
be understood by Fig. 187. 

Suppose the rays flowing from the extremities of the object 
A, to be reflected back to C, under the same degrees of con- 
vergence at which they strike the mirror ; then, as in the plane 
mirror, the image D would appear of the same size as the ob- 
ject A; for if the rays from A were prolonged behind the 
mirror, they would meet at B, but forming the same angle, by 
reflection, that they would do, if thus prolonged, the object seen 
from B, and its image from C, would appear of the samo 
^- dimensions, 

^B^'But instead of this, the rays from (be arrow A, being rendi 

^^esa convergent by reflection, are continued onward, and meet' 

the eye under a more acute angle than at C, the angle under 

which they actually meet, bdug represented at E, consequent]* 
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and not as far behind it as the object is before it, as in t 
plane mirror. 

Let us suppose that A, Fig. 190, is a Imninous point, from 
which a pencil of diverging rays falls upon a convex mirror. 
These raya, as already demonstrated, will be reflected mora 
divei^nt, and contiequently will meet the eye at E, in a wider 
atftte of dispersion than they fell upon the mirror arO. Now, 
as the image will appear at the point where the diverging rays 
would converge to a focus in a contrary direction, were they 
prolonged behind the mirror, so it can not appear as far behind 
the reflecting surface as the object is before it, for the more 
widely the raja meeting at the eye are separated, the shorter 
will be the distance at which they will come to a point. The 
image will, therefore, appear at N, instead of appearing at an 
equal distance behind the mirror that the object A is before it. 



42. The refiectitm of the concave mirror lakes plaee/r 
imide, or concave surface, lehile tlial of the convex mk 
from the outside, or convex surface. Thus the sectjoi 
metallic sphere, polished on both sides, is both a concave and 
ctmvex mirror, as one or the other side in employed for reflection. 

The efiects and phenomena of this mirror will therefore be, ia 
many respects, directly the contrary from those already detailed 
in reference to the convex mirror, \ 

From the plane mirror, the relation of the incident rap il^ 
not changed by reflection ; from the convex mirror they are dis- 
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45. Principal Focus, ^^' **• 

-—In concave mirrors, of 
all dimensions, the re- 
flected rays follow the 
same law ; that is, par- 
allel rays meet and cross 
each other at the dis- 
tance of one-fourth the 
diameter of the sphere 
of which they are sec- 
tions. This point is call- 
ed the principal focus 
of the reflector. 

But if the incident 
rays are divergent, the •''^«^ <f « Ccneaoe Mirror. 

focus will be removed 

to a greater distance from the surface of the mirror, than when 
they are parallel, in proportion to their divergence. 




FIG. iga 



FIG. IM 





Divergent Rajft. 



Convergent Bojfe, 



lliis might be inferred from the general laws of incidence and 
reflection, but will be made obvious by Fig, 193, where the 
diyerging rays 1, 2, 8, 4, form a focus at the point O, whereas, 
.had mey been parallel, their focus would have been at A. That 
IB| the aotoal focus is at the center of the sphere, instead of be- 
ing half way between the center and circumference, as is the 
ease when the incident rays are parallel. The real focus, there- 
fore, is beyond, or without, the principal focus of the mirror. 



4i„ WlMt ia fhe principal focus of a concaye mirror 1 If the incident njB are dl 
, wlura wiU ba tna focua 1 If the incidoit raya are eonvergenti where wU bt 
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By lite $afnt law, converging ray* mU fOnn a point vitim 
litprinripal /ociu of (tie mirrw. 

Thus, were the raja falling on the miiror, f^. 194, paraBel, 
the focus would be at A ; but in conseqnenoe (^ their preview 
eoDvergence, they are brought tt^ther at a leas distance thai 
the principal focus, and meet at 0. 

46. Objects witbin thb Focus. — 7^ etmeavt mirror, «iki 
the olyett U Tiearer to it than tkt primeval Jbevt, prtienit H» 
image larger than the otJKl, erttt, and behind the mirror. 

To explain tliis, let us 
■upjiose the object A, 
Fig. 195, to be placed 
bclore the mirror, and 
Dearer to it than the prin- 
cipal focus. Then the 
raj-» proceeding from the 
extremities of the object 
williout interruption, 
would continue lo diverge 
in the lines O and N, as 
seen bfbind the mirror; 
but, by ri'floction they 
are made to diver^ le^ 
than before, and conse- 
quently to make the an- 
gle undi-r which they meet more obtuse at the eye B, than it 
would tie if ttiey continued onward to E, where they would 
have met without reflec- 
tion. The result, there- 
fore, is to render the image 
II, upon the eye, as much 
larffer th^n the object A, 
as the an^Ie at the eye 
is more oljtiise than tho 
nn^le at C. 

47. Miignijied Human 
Face. — A more striking 
illustration of tliis princi- 
ple is seen at Mg. 196. 
When tho concave mir- 
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' ^iM IB large, say six inches in diameter and eight or ten inclii 
focal distance, it exiiitiits the human face of enormous bulk, the 
epectator being frightened at the size and coarseness of his own 
features. Thus, if the £ice be presented within the principal 
focns of the mirror, aa at B, the magnified image will be seen 
as far behind the mirror as the face ia before it, as at A, and 
■will appear two or three times the BJ^e of the face, according to 
the power of the reflector; the reason of which has already 
been explmned and illustrated by Fig. 196. 

48, Curious Deceptions by Concave Mirrors. — From tha 
property of the concave mirror to form an inverted image <rf, 
the object suspended in the air, many cnrioua and surpriang' 
deceptions may be produced. Thus, when the mirror, the ob- 
ject, and the light, are placed so that they can not be seen, 
(which may be done by placing a screen before the light, and 
permitting the reflected rays to pa?s through a small aperture 
in another screen,) the person mistakes the image of the object 
for ila reality, and not understanding the deception, thinks he 
Bees persons walking- with heads downward, and cups of water 
turned bottom upward, without spilling a drop. Again, he 
sees clusters of delicious fruit, and when invited to help himself 
on reaching out his hand for that purpose, he finds that the ob- 
ject eitlier suddenly vanishes from bis sight, owing to his havii^ 
moved his eye out of the proper range, or that it ' 

49. One method of ef- 
fecting such deceptions, is "'^- '"■ 
shown by Fig. 197, where 
A is a large concave mir- 
ror, six or eight inches in 
diameter, placed on the 
back part of a dark boi ; 
the performer D, is con- 
cealed trom the spectators 
by the partition C; the 
strong light E, is also con- 
cealed by the partition I, 
but is thrown upon the 
actor, or any thing he 
holds in his hand. If he 
holds a book, as shown by 
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the figure, the light reflected from A, will pass between the par- 
titions, C and I, to the minor, and will reject the image of the 
book to Z, where it will appear so distinct and tangible, that a 
person looking through the opening at X, will have no doubt 
that it is a real book, and will be much astonished to find, when 
he I'Uts out hb hand to take it, that it has no substance, and 
tiat his hand will pass through it, as though it was nothing 
but a shadow, which he can not at first be made to believe is 
the case. 

50. Heat Produced hy a Concave Mirror, — ^The concave 
mirror having the property of converging the rajs of light, ia 
e<]ually efficient in concentrating the rajs of heat, either separ- 
ately or with the light. "VNTien, therefore, such a mirror is pre- 
sented to ih6 H^ of the sun, it brings them to a focus, so as 
to ]>roduce degnes of heat in proportion to the extent and pe^ 
fection of its reflecting surface. A metallic mirror of this land, 
of onl J four or six inches in diameter, will fuse metals, set wood 
on firo, <fec. 

51. Experiment with a Hot Ball, — As the parallel rajs of 
heat or light are brought to a focus at the distance of one quai- 
ter of tlie diameter of the sphere, of which the reflector is a 
section, so if a luminous or heated bodj be placed at this point, 
the rays from such body passing to the mirror will be reflected 
from all parts of its surface, in parallel lines ; and the rays so 
reflected by the same hiw, will be brought to a focus by an- 
other mirrot standing opposite to this. 

52. Suppose a red-hot ball to be placed in the principal focus 
of the mirror A, Fi(/. 198, the rays of heat and light proceed- 
ing from it will be reflected in the parallel lines 1, 2, 3, <fec. 
riie reason of this is the same as that which causes parallel 
rays, when falling on the mirror, to be converged to a fiocus. 
The angles of incidence being equal to those of reflection, it 
makes no difference in this respect, whether the rays pass to or 
from the focus. In one case, parallel .incident rays from the 
sun, are concentrated by reflection ; and in the other, incident 
diverging rays, from the heated ball, are made parallel by 
reflection. 

The rays, therefore, flowing from the hot ball to the mirror 



DO. Will th« concave mirror concentrate the rays of heat, as weU as those of light 1 
61. Hu|ip«)Hp a liimiiiouH boilv be placed in the focus of a concave mirror, in what di- 
rection will its rays be reflected 1 52. Explatal Fig 198, and show why the rays 
from the foriis of A arc concentrated in the rocus B. What curious experiments may 
be made by two concave mirrors placed opposite to each other by a hot balll Bow 
Diay it be shown that beat and light are distinct principles 1 




R'JIlclim 5f Hlal, 

A, are thrown ioto parallel lines by reflection, and these le- 
flected rays, in respect to the toirror B, become tho rays of ind- 
dence, which are again brought to a focus by reflection. 

Thus ihe heat of the hall, by being placed in the fbcua of ono 
mirror, is brought to a focus by the reflection of the other 

To show that heat and light are separate principles, place ft 
piece of phosphorus in the focus of B, and when the ball is so 
cool as not to be luminoua, remove the screen, and the phos- 
phorus will instantly inflame. 

53. Deception by Several Mirrors. — The wonderful feat of 
ag through a brick, sometimes ejihibited in the streets, at 
•.fenny a head, is explained by J^ig. 199. 
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TTie apparatus consists of five short tubes jointed at right-an- 
gles, and containing four mirrors placed at the angle of 45° to 
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i^8 RKFRACTIOH BY JLUrSSS. 

the incident rays of light, flowing, first, from the object to be 
seen, and then from one mirror to the other. Thus the rays 
from the object P, pass to the mirror L, through the tnbe D C, 
and from L are reflected to H, and fix>m H, horizontally to G, 
and from G, vertically, to K, and lastly, from K horizontally to 
the eye. 

Now the angle of reflection, being equal to that of mddence, 
each mirror has the effect to change the direction of the rap of 
light equal to that of a quarter of a circle, and the four mirron, 
therefore, produce a change equal to that of an entire circle. 

RBFRACnON BT LENBBS. 

54. A Lens is a transparent body, generally made of gha, 
and 80 shaped that the rays of light in passing through it art 
either collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small flat bean. 

It has already been shown, that when the rays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fall per- 
pendicularly on the surface of die medium. (19.) 

The point where no refraction is produced on perpendicular 
rays, is called the axis of the lens, which is a right line passing 
through its center, and perpendicular to both its surfaces, <wo;>. 

In every beam of liglit the middle ray is called its axis. 

Rays of light are said to fall directly upon a lens, when their 
axes coincide with the axis of the lens ; otherwise tliey are said 
to fall obliquely. 

The point at which the rays of the sim are collected, by pass 
mg through a lens, is called the principal foctis of that lens. 

65. Lenses are of various kinds, and have received certain 
names, depending on their shapes. The different kinds are 
shown at Fig. 200. 

A prism, seen at A, has two plane sur&ces, A R, and A S, 
inclined to each other. 

A plane glass, shown at B, has two plane surfaces, parallel to 
each other. f 

A spherical lens, C, is a ball of glass, and has every part of 
its surface at an equal distance from the center. 

A double-convex lens, D, is bounded by two convex surfacea, 
opposite to each other. 

64. What is a lens 1 What is the axis of a lens 1 In what part of a lens Is no rt* 
•ractloti produced 1 Where is the axis of a beam of light 1 When are rays of Uchl 
>^id to fall directly upon a lensl How many kind* of lenses are mentioned 1 oS. 
*^bat are the names and Bhap«i of each 1 
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Lenses qf Various Fbrms. ^M 

A plano-convex lens, E, b bounded by a convex sur&ce OB^ 
one side, and a plane one on tbe other. 

J A dovhle-cotieave lens, F, is bounded by two concave flpher- 
Kal surfiices, opposite to each other. 

A plano-concave lent, O, is bounded by a plane surface on 
one side and a concave one on the other. 

A meniseut, H, is bounded by-one concave, and one convex 
spherical surfece, which two surfaces meet at the edge of the 

'JO-convex lens, I, is bounded by a concave, and con- 
surface, but which diverge from each other, if continued. 
The effects of the prism on the rays of light will be shown in 
■iBother place. The refraction of tbe plane glass bends the 
parallel rays of light equally toward the perpendicular, as already 
shown. The sphere is not often empinved aa a lens, since it la 
inconvenient in use. 
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I. The effect of the 
t, it to magnify all c 

Focal Distance, — The 
focal distances of convex 
lenses, depend on tbeir de- 
crees of convexity. The 
focal distance of a single, 
or plano-convex lens, is 
the diameter of a sphere, 
rf which it is a section. 

If the whole circle, 
Fig, 201, be considered 
the circumference of a 
■phere, of which the pla< 
• ,BA,iS8 
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lectioD, then the focus of parallel ra3rs, or the prmcipa] bcxa, 
will be at the opposite side of the sphere, or at G. 

57. The foc^ distance of a doubie-convex. lens, is the radiiis, 
or lialf the diameter of the sphere, of which it is a part Hence 
the plano-convex lens, being one half of the double-convei lens, 
the latter has twice the refractive power of the former ; for the 
rap suffer the same degree of refracUoit in passing out of the 
one convex surface, that they do in passing into the other. 

58. Double- Convex Lens, — ^The shape of the double-convex 
lens, D C, Fiff, 202, is that of two plano-convex lenses, placed 
with their plane surfaces 

in contact, and conse- '^®- **• 

quently the focal distance 
of this lens is nearly the 
center of the sphere of 
which one of its surfaces 
is a part If parallel 
rays fall on a convex lens, 
it is evident that the ray 
only, which penetrates 
the axis and passes to- 
ward the center of the 

sphere, will proceed with- Double- Convex Lens, 

out refraction, as shown 

in the above figures. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de- 
pending on the convexity of the lena. 

59. Diverging Rays on a Convex Lens. — Jf diverging 
rags fall on the surface of this lens, theg toill, hg refrojction, be 
rendered less divergent, parallel, or convergent, according to the 
degrees of their divergence, and the convexitg of the surface of 
the lens. 

Thus, the diverging rays 1, 2, &c., Fig, 203, are refracted 
by the lens A O, in a degree just sufficient to render them par- 
allel, and therefore, would pass off in right lines, indefinitely, or 
without ever forming a focus. 

It is obvious by the same law, that were the rays less diverg- 
ent, or were the surface of the lens more convex, the rays in 




66. What is the effect of the convex lens^ On what do the focal distances of eon* 
▼ex lenses depend 1 57. What is the focal distance of any planoconvex lens 7 What 
1« the focal distance of the double-convex lenst 58. What is the shape of the double* 
Convex lensl 59. How are divergent rays affected bypassing through a convex 
lensl What is its effect on parallel raysl What is its effect on converging rarsl 
^J}at JcJiid of lenses are spectacle glasses for old peopled 
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refi'activs power 
which would render 
divergent rays par- 
allel, would make 
parallel raya con- 
vergent, and con- 
verging rays still 
mora convergent, 

Tlius the pendla of converging raja, Fig. 204, are rendered ' 
■dll more convergent by their passage through the lens, and 
are therefore brougbt to a focus nearer the lens, in proportion 
to their previous convergence. 

The eyeglasses of spectacles for old people are double-convex 
lenses, more or less spherical, according to the age of the person, 
or the magnifying power required. 

■ 60. Burning Glass,— The common burning glasses, which 
are used for lighting dgars, and sometimes for kindling fires, 
are also convex lenses. Their effect is to concentrate to a focus, 
or point, the heat of the sun which falls on their whole surface ; 
and hence the intensity of their effects ia in proportion to the 
eKteut of their surfaces, and their focal lengths. 

61. Visual Anolb. — It has been explained, that the reason 
why the convex mirror diminishes the images of objects is, that 
the rays which come to the eye from the extreme parts of the 
object are rendered less convergent by reflection, from the con- 
vex surface, and diat in consequence, Uie angle of \Taion is made 
more acute, (41-} 

62. Now, tiie refractive power of the convex lens has exactly 
the contrary effect, since by converging the rajs flowing from 
the extremities of an object, the visual angle ia rendered mora 
obtuse, and therefore all objects seen through it appear magnified. 

63. Sufipose the object A, Fig. 205, appears to the naked 
eye of the length represented in tlio drawing. Now, as the 
rays coming from each end of the object, form by their con- 
vei^nco at the eye, the visual angle, or the angle under which 
the object is seen, and we call objects large or small in propor- 






Don ji dui angie ■ obcose or icote, if, tberdbre, tbe obfrct A 
be wTth#fnwn fintber from the eye^ it is apparent th^x tiie ran 
O O. proceeding from its eztremideay will enter th^ eje midef a 
more acnte angf«», and chero&re tbat the object will appear di- 
miniiihed in proportion. This is the reason whv things at a 
distance appear smaller than when near us. When near, the 
Tiraal ar> trie is increased and when at a distance it is diminshed. 
The effect of the convex lens is to increase the risaal angle, 
by bending the raja of light coming from the object, so as to 
make them meet at the eve more obtnselj ; and hence it has 
the name effect, in respect to the visnal angle, as bringing 
tlie obj^'ct nearer the eye. This is shown by Fi^. 206, where 
it w obvious, that did the rays flowing from the extremities of 
the nrrow meet the eye without refraction, the visual angle 
wouM bo less, and therefore the ol)ject would appear shorter. 
Anotlinr effljct of the convex Jens, is to enable us to see objects 
timror the eye than without it, as will be explained under the 
Arlicle Vision^ 
Nn«i^ «■ the niva of light flow from all parts of a visible ob- 

imp^ ao the breadth, as well as the length, is 
''■ViX bti8| and thus the whole object appeaii 

"Ar/ i(f the concave lens is di- 
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reclltf oj'posite to thai of the cotivtx. In other terms, by a con 
cave lenH, parallel rays are rendered direrging, converging rays 
have their convergence diminislied, and diverging rft3ra have their 
divergence increased, according lo the concavity of the lens. 

These glasses, therefore, exfiihit things smaller than they 
really are, for hy diminishing the convergence of the rays com- 
ing from the extreme points of an object, the visual angle is 
rendered more acute, and hence the object appears diminished 
by this lens, for the opposite reason, that it is increased by the 
convex Jens. This will be made plain by the two following 
diagrams. 

Suppose the object A B, Fig. 207, to be placed at anch a 
distance from the eye, as to give the rays flowing Irom it, tha 
degrees of convergence represented in the figure, and suppose 
that the rays enter the eye under such an angle as to make the 



_ <n)sect appear two feat in length. 



A 




Now, the length of the same object, seen through the con- 
cave letiB, Fig, 208, will appear diminished, because the raya 
coming from it are bent outward, or made leas convergent by 
refraction, as seen in the figure, and consequently the visual 
angle is more acute than when the same object is seen by the 
naked eye. Its length, therefore, will appear less in proportion 
aa the rays are rendered less convergent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which the images of objecta are formed further back 
in the eye than otherwise, as will be explained under the next 
article. 





65. In tJu applicaHcm of the prmdpU$ cf optkf to the a- 
pUmation rf natural phenomena^ it is necesmay to give a deaai^ 
tion of the fnost perfect of all optical inetruments^ the eye. 

Human Eye, — Fig, 
209 is a vertiad section "^ *•• 

of the human eye. It^ 
£:>rm is nearly globular, 
with a slight projection 
or elongation in front 
It consists of four coats, 
or membranes ; namely, 
the sclerotic^ the cornea^ 
the choroid, and the 
retina. It has two fluids 
confined within these 
membranes, called the 
aqtteoitSj and the vitre- 
ous humors, and one lens, called the crystaline. The sclerotic 
coat is the outer and strongest membrane, and its anterior part 
is well known as the white of the eye. This coat is marked in 
the figure a a a a. It is joined to the cornea b b, which is 
the transparent membrane in front of the eye, through which 
we see. The choroid coat is a thin, delicate membrane, which 
lines the sclerotic coat on the inside. On the inside of this lies 
the retina, d d d d, which is the innermost coat of all, and is 
an expansion, or continuation of the optic nerve o. This ex- 
pansion of the optic nerve is the immediate seat of vision. The 
iris, o o, is seen through the cornea, and is a thin membrane, 
or curtain, of different colors in different persons, and therefore 
gives color to the eyes. In black-eyed persons it is black, in 
blue-eyed persons it is blue, <kc. Through the iris, is a circular 
opening, called the pupil, which expands or enlarges when the 
light is faint, and contracts when it is too strong. The space 
between the iris and the cornea is called the anterior chamher 
of the eye, and is filled with the aqueous humor, so called from 
its resoinblance to water. Behind the pupil and iris is situated 

65. What is the most perfect of all optical instruments ? What is the form of the 
miman eye ? How many coats or membranes has the eye t What are they called" 
How many fluids has the eye, and what are they called? What is the lens of the eye 
called 7 What coat forms the white of the eyel Describe where the several cotto 
»nd humors are »i<««ted. What is the iris? What is the retinal Where is Uw 
••nse of ▼Islon 1 What is the design of Fig. 210 1 What is said concerning the 
Qumber of the rays which enter the eye from a visible object 1 
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the cTystaliae lens e, which is a firm and perfectly transparent 
body, through which the rays of light pius from the pujiil to 
the retina. Behind the lens is situated the posterior chamber 
of the eye, which is billed with the vitreoui humor, v v. This 
humor occupies much the largest portion of the whole eye, and 
on it dejiends the shape and pemianence of the organ. 

From the above description of the eye it will be easy to trace 
the progress of the raya of light through its several p&ria, and 
to explcun in what manner vision is penormed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as here- 
tofore stated, and that it is necessary only for a few of the rays, 
when compared with the wh6le number, to ent«r the eye, in 
order to make the object vbible. 

Thus, the object A B, Fiff. _ 

210, being placed in the " 

light, sends pencils of rays in 
all possible directions, some 
of which vrill strike the eye 
in any position where it is vis- 
ible. These pencils of rays 
Dot only flow fioin the points 
designated in the figure, but 
in the same manner from 
every other point on the sur- 
fece of a visible object. To 
render an object visible, there- 
fore, it is only necessary that 
the eye should collect and 
concentrate a sufficient num- 
ber of these rays on the retina, 
to form its image there, and 
from this image the sensation 
of vision is excited. 

66. From the luminous bodyL, Fi^. 211, the pencils of rays 
flow in all directions, but it is only by those which enter t£e 
pnpil, that we gain any knowledge of its existence; and even 
these would convey to the mind no distinct idea of the object, 
unless they were refracted by the humors of the eye, for did 
these rays proceed in their natural state of divergence to the 
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retina, the image there formed would be too extensive, and ooii 
seouentl J too feeble to give a distinct sensation of the object 

It is, therefore, by the refracting power of the aqneoos hu- 
mor, and of the crystaline lens, that the pencils of rays are so 
concentrated as to form a perfect picture of the object on the 
retina. 

67. Invfried Image on the Retina. — ^We have already seen, 
that when the rays of light are made to cross each other by re- 
flection from the concave mirror, the image of the object is in- 
verted ; the same happens when the n^s are made to cross 
each other by refraction through a convex lens. This, indeed, 
must be a necessary consequence of the intersection of the rap ; 
for as light proceeds in straight lines, those rays which come 
from the lower part of an object, on crossing those which come 
from its upi)er part, will represent this part of the picture on 
the upper half of the retina, and, for the same reason, the up- 
per part of the object will be painted on the lower part of the 
retina. 

Now, all objects are represented on the retina in an inverted 
T)osition ; that is, what we call the upper end of a vertical ob- 
j(ict, is the lower end of its picture on the retina, and so the 
contrary. 

08. J^Jye of an Ox, — This is readily proved by taking the eye 
of an ox, and cutting away the sclerotic coat, so as to make it 
transparent on the back part, next the vitreous humor. If now 
a \)\0Q.{\ of white paper be placed on this part of the eye, the 
inuigcH of objects will appear figured on the paper in an in- 
vortcul position. The same effect will be produced on looking 
at things through an eye thus prepared ; they will appear 
inverted. 



67. Explain how It is that the images of objects are inverted on the retina. 6a 
wliat expenmeul provea iljat ths images of objects are inverted on the retina 1 Ex 
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Inversifm of (X>fect». 

The actual position of the vertical object A, Fip, 212. as 
painted on the retina, is therefore such as is represented Dy the 
figure. The rays from its upper extremity, coming in divergent 
lines, are converged by the crystaline lens, and fall bn the retina 
at O ; while those from its lower extremity, by the same law, 
fall on the retina at C, the rays crossing each other as they pass 
the humors of the eye. 

69. In order that vision may be perfect, it is necessary that 
the images of objects should be formed precisely on the retina, 
and consequently, if the refractive power of the eye be too small, 
or too great, the image will not fall exactly on the seat of vision, 
but wiU be formed either before, or tend to form behind it. In 
both cases, perhaps, an outline of the object may be visible, but 
it will be confused and indistinct. 

YO. Cornea too Prominent. — If the cornea is too convex, or 
prominent, the image will be formed before it reaches the retina, 
for the same reason, that of two lenses, that which is most con- 
vex will have the least focal distance. Such is the defect in the 
eyes of persons who are short-sighted, and hence the necessity 
of their bringing objects as near the eye as possible, so as to 
make the rays converge at the greatest distance behind the 
crystaline lens. 

The effect of uncommon convexity in the cornea oh the rays 
of light, is shown at Fig. 213, where it will be observed that 
the image, instead of being formed on the retina R, is siLspended 
in the vitret us humor, in consequence of there being too great 
a refractive power in the eye. It is hardly necessary to Bay, 
that in this case, vision must be very imperfectly performed. 

This defect of sight is remedied by spectacles, the glasses of 



69. Sappose the refractive power of the eye Is too ffreat, or too little, "why will tIiIcd 
be Imperfect 1 70. If the cornea is too convex, where will the image oe lomiedt 
How la the sight improved, when the cornea ia too convei Y Bow do ancb leiUM Ml 
tt> improve ^e aight 1 
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which are ooncave lenses. Snch glasses, bj rendering the rayi 
of light less oonvergent, before they reach the eye, oonntenKl 
the too great convergent power of the cornea and lens, and thus 
throw the image on the retina. 

71. Cornea too Flat. — Hy on the contrary, the humors (^ the 
eye, in consequence of age, or any other cause, haye become 
less in quantity than ordinary, the eyeball will not be suffi- 
ciently distended, and the cornea will become too flat, or not suf- 
ficiently convex, to make the rays of light meet at the proper 
place, and the image will therefore tend to be formed beyond 
the retina, instead of before it, as in the other case. Hence, 
aged people, who labor under this defect of vision, can not see 
distinctly at ordinary distances, but are obliged to remove the 
object as hr from the eyje as possible, so as to make its refrac- 
tive power bring the image within the seat of vision. 



O. 214. 




Cornea too Flat. 



Ine defect arising from this cause is represented by F^^, 214 

"* 1 . 

B»!ir i?2i!!?J*° '?^ rays tend to meet when the corneals not sufficiently convex! 
1C>^i!LT'*y° f '»ted when the eye wants convexity 1 How do cop vex lenses help 
•^ •fiK 01 aged persons 1 
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where it will be observed that the image is formed behind the 
retina, showing that thexonvexity of the cornea is not sufficient 
to bring the image within the seat of distinct vision# This im- 
perfection of sight is common to aged persons, and is corrected 
in a greater or less degree by double-convex lenses, such as the 
common spectacle glasses. Such glasses, by causing the rays 
of light to converge, before they meet the eye, assist the refrac- 
tive pDwer of the crystaline lens, and thus bring the focus, or 
image, within the sphere of %dsion. 

72. Why we see Objects Erect, — It has been considered dif- 
ficult to accouht for the reason why we see objects erect, when 
they are painted on the retina inverted, and many learned theo- 
ries have been written to explain this fact. But it is most 

^(>robable that this is owing to habit, and that the image, at the 
l)ottom of the eye, has no relation to the terms above and be- 
low, but to the position of our bodies, and other things whiclf 
surround us. The term perpendicular^ and the idea which it 
conveys to the mind, is merely relative ; but when applied to 
an object supported by the earth, and extending toward the 
skies, we call the body erect^ because it coincides with the posi- 
tion of our own bodies, and we see it. erect for the same reason. 
Had we been taught to read by turning our books upside down, 
what we now call the upper part of the book would have been 
its under part, and that reading would have been as easy in 
that position as in any other, is plain from the fact that printers 
read their type, when set up, as readily as they do its impres- 
sions on paper. 

ANGLE OF VISION. 

73. This subject, partly explained, needs further illustration. 
The angle under which the rays of lights coming from the 

extremities of an object, cross each other at the eye, bears a pro- 
jTortion directly to tJte length, and inversely to the distance of 
the object. 

Suppose the object A B, Fig, 216, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing from 
its extremities, would intersect each other at the eye, under a 
given angle, which will always be the same when the object is 
at the same distance. If the object be gradually moved toward 

72. Why do we see things erect, when the images are inverted on the retina 1 73. 
What is the visual angle 1 How mav the visual angle of the same object be increased 
or diminished 1 When do otgects of different magnitodss form the samt visual an- 
|to1« Explain Fiff.21& 
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the eye, to the place C D, then the angle will be ^radnallj in-^ 
creased in Quantity, and the ohject will appear larger, since Ha 
image on the retina will be increased in length in the propor- 
tion as the lines 1 1, are wider apart than O O. On tne con- 
trary, were A B removed to a greater distance fi*om the first 
position, it is obvious that the angle would be diminished in 
proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of light, form an angle at the eye, 
which is called the visual angle, or the angle upder which things 
are seen. The lines A N B, therefore, form one visual angle, 
and the lines C N D another visual angle. 

We see from this investigation, that the apparent magnitude 
of objects depending on the angles of vision, will vary according 
to their distances from the eye, and that these magnitudes di- 
minish in a proportion inversely as their distances increase. 

74. How WE Judge of Magnitudes. — In the apparent mag- 
nitude of objects seen through a lens, or when their images 
reach the eye by reflection from a mirror, our senses are chiefly, 
if not entirely, guided by the angle of vision. In forming our 
judgment of the sizes of distant objects, whose magnitudes were 
before unknown, we are also guided more or less by the visual 
angle, though in this case we do not depend entirely on the 
sense of vision. Thus, if we see two balloons floating in tlie 
air, one of which is larger than the other, we judge of their 
comparative magnitudes by the difference in their visual angles, 
and of their real magnitudes by the same angles, and the dis- 
tance we suppose them to be from us. 

J4. How do we j.ucijfe of the mafrnitndes of distant objects 1 Under what circiun* 
^•'^©et is our scuse of vision guided entirely by the visual angle! 
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75. But when the object is near us, and seen with the naked 
«ye, we then judge of the magnitude by our experience, and not 
entirely by the visual angle. Thus, the three arrows, A E M, 
Fig, 215, all of them make the same angle on the eye, and yet 
we know, by further examination, that they are all of different 
lengths. And so the two arrows, A B, and C D, though seen 
under different visual angles, will appear of the same size, be- 
cause experience has taught us that this difference depends only 
on the comparative distance of the two objects. 

76. As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when the distance is so 
great as to make the angle too minute to be perceptible to the 
eye, then the object becomes invisible. Thus, when we watch 
an eagle flying from us, the angle of vision is gradually dimin- 
ished, until the rays proceeding from the bird form an image on 
the retina too small to excite sensation, and then we say the 
eagle has flown out of sight. 

rhe same principle holds with respect to objects which are 
near th^ eye, but are too small to form an image on the retina 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual angle is en- 
larged, by means of the convex lens, they become visible ; that 
is, their images on the retina excite sensation. 

77. SizB OF THB Image on the Retina. — ^The actual size 
of an image on the retina, capable of exciting sensation, and 
consequently of producing vision, may be too small for us to 
appreciate by any of our other senses ; for when we consider 
how much smaller the image must be than the object, and that 
a human hair can be distinguished by the naked eye at the dis- 
tance of twenty or thirty feet, we must suppose that the retina 
is endowed with the most delicate sensibility, to be excited by 
a cause so minute. It has been estimated that the image of a 
man, on the retina, seen at the distance of mile, is not more 
than the ^yq thousandth part of an inch in length. 

78. Indistinct Vision. — On the contrary, if the object be 
brought too near the eye, its image becomes confused and in- 
distinct, because the rays flowing from it, fall on the crystaline 
lens in a state too divergent to be refracted to a focus on the 
retina. 

75. How do we jnd^e of the comparathre size of objects near us 1 76. When doei 
a retreating object become invisible to the e^e 1 How does a convex lens act to make 
OS see objects which are invisible without itl 77. What is said of the actual size cf 
an fmage on the retina 1 78. Why are objects indistinct when brought too near th« 
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Ilia will be ftpparent bj 
Fiff. 216, where we snp- 

e that the object A, u 

light within an inch or 
two of the eye, and tliat 
the rays proceeding from 
it enter the pupil so ob- 
liquely as not to be refract- 
ed by the lens, bo as to fbnn 
a distinct image. 

Could we see objects dis- 
tinctly at the shortest distance, we should be able to eumiiM 
things that are now invisible, since the visual angle wonld Ibea 
be increased, and consequently the image on the reljna eula^e^ 
in proportion aa objects were brought near the eye. 

70. This is proved by intercepting the roost divergent rajs; 
in which case an object may be brought near the eye, and will 
' *lhen appear greatly magnified. Make a small orifice, as a pb- 
hole, tlirough a piece of dark-colored paper, and then look 
through the orifice at small objects, such as the letters of s 
printed book. The letters will appear much magnified. Ths 
rays, in this case, are refracted to a focus, on the retina, becaow 
the small orifice prevents those which are most diveigent from 
entering the eye, so that notwithstanding the nearness of tltt 
object, the rays which form the image are nearly parallel. 



SO. SisoLS MfCRoscopB. — The principle of the single micro- 
scope, or convei len'S, will be readily understood, if the pupl 
wiil remember what has been said on the refraction of lenses, in 
connection with the focts just stated. For, the reason why ob- 
jects appear magnified tlirough a convex lens, is not only bo- 
cause toe visual angle is incrcused, but because when brought 
near the eye, the diveiging rays from the object are rendered 
parallel by the lens, and are thus thrown into a condition to he 
brought to a focus in the proper place by the humors of the 

Let A, Fig. 217, be the distance at which an object can b« 
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FIG. 217. 




Singte S^eroacopt. 

teen distinctly, and B, the distance at which the same object la 
seen through the lens, and suppose the distance of A from the 
eye, be twice that of 6. Then, because the object is at half the 
distance that it was before, it will appear twice as large ; and 
had it been seen one- third, one-fourth, or one- tenth its former 
distance, it would have been magnified three, four, or ten timeS|^ 
and consequently its surfece would be increased 9, 16, or lOu ^** 
times. 

The most powerful single microscopes are made of minute 
elobules of glass, which are formed by melting the ends of a 
few tlireads of spun glass in a flame of alcohol. Small globules 
of water placed in an orifice through a piece of tin, or other 
thin substance, will also make verj powerful microscopes. In 
these minute lenses, the focal distance is only a tenth or twelfth 
part of an inch from the lens, and theirefore the eye, as well 
as the object to be magnified, must be brought very near the 
instrument. 

81. Compound Microscope. — ^This consists of two convex 
lenses, by one of which the image is formed within the tube of 
the instrument, and by the other this image is magnified as 
seen by the eye ; so that by this instrument the object itself is 
not seen, as with the single microscope, but we see only its 
magnified image. 

^e small lens placed near the object, and by which its image 
is formed within the tube, is called the object glass, while the 
larger one, through which the image is seen, is called the 
eyeglass, • 

This arrangement is represented at Fig, 218. The object A 
18 placed a little beyond the focus of the object glass B, by whiclii 
an inverted and enlarged image of it is formed within the in • 

81. How many lenses form the compound mkroeeope 1 Which is the object, and 
which the eyeflassl Is the otrject seen with this instrnmenttoc ofi\lVAV(DM|^^ 
Bqplain Fif . Slfl, and show where the image is ibnn«d l& tilh!^ VQ3bi%. 




■tnimeDt at C. This image is seen throogfa th« mfjiam D, bf 
wliich it is again magnified, and it is at last ^nrea oa the redua 
in its original posidoa. 

TheM glasses are set in a csk of brass, the ot^ect ghn bmg 
made to take out, to that others of di&rent magnifying poircn 
may be used, at occasion requires. 

82. Solar Uicrobcope. — This connsts of two lenaea, oae ol 
which is called the eondauer, because it is employed to omt- 
centrate the rays of the sun, in order to itlonunate more etn»igiy 
the object to be magniBed. The other is a double-convex lens, 
of considerable magnifying power, by which the image is formed. 
In addition to these lenses, there is a plain mirror, or piece of 
common looking-glass, which can be moved in any direction, 
and which reflects the rays of the sun on the condenser. 




The objoct A, Fiff. 219, being placed nearly in the focus at 
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llie condenser 6, ia stronglj illuminated, iq consequ^nco of ths 
rays of the sun being thrown on B, by the mirror C. The ob- 
ject is not placed exactly in the focus of the condenser, because, 
in moat cases, it would be poon destroyed by its heat, and be- 
cause the focal point would illuininate only a small extent of 
Bur&ce, but may he exactly in the focus of the small lens D, by 
which no such accident can happen. The hnes O O, represent 
the incident rays of the eun, which are reflected on the condenser. 
When the solar microscope is used, the room is darkened, 
the only hght admitted being that wbich is thrown on the ob- 

i'ect by the condenser, which light passing- through the small 
ens, gives the magnified shadow £, of the small object A, on 
the wall of the room, or on a screen. The tube containing tha 
two lenses is passed throug-h the window of the room, the re- 
flector remaining outside. 

In the ordinary use of this instrument, the object itself is not 
seen, but only its shadow on the screen, and it is not designed 
for the examination of opaque objects. 

When the small lens of the solar microscope is of great mag- 
nilying power, it presents some of tbe jao&t striking and curious 
of optical phenomena. The shadows of mites Irom cheese, or 
%s, appear nearly two feet in length, presenting an appearance 
exceedingly formidable and disgusting ; and the insects trom 
common vin^ar appear eight or ten feet long, and in perpetual 
many huge serpents. 



83. The Telescope is an optical instrument, employed to view 
dislnnt boilieM, and, in effect, to bring tkem nearer ike eye, by in- 
creasing the apparent avyles under which tuck ol^eels are seen. 

ThSe instruments are of two kinds, namely, re/raeling and 
Ttjleeting telescopes. In the first kind, the image of the object 
is seen a[ith the eye directed toward it ; in the second kind, the 
image iB seen by reflection from a mirror, while the back is to- 
ward the object, or by a double reflection, with the face toward 
the object. 

The telescope is (fce most important of all optical instruments, 
since it unfolds the wonders of other worlds, and gives us tha 
menus of calculating the distances of the heavenly bodies, and 
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of explaining their phenomena for astronomical and naaticai 
purposes. 

The principle of the telescope will be readily comprehended 
after what has been said concerning the compound microscope, 
for the two instruments differ chiefly in respect to the place of 
the object lens, that of the microscope having a short, while 
that of the telescope has a long, focal distance. 

84. Kefractino Telescope. — ^The most simple refracting 
telescope consists of a tube, containing two convex lenses, the 
one having a long, and the other a short, focal distance. (The 
focal distance of a double-convex lens, it will be remembered, is 
nearly the center of the sphere, of which it is a part 50.) 
These two lenses are placed in the tube, at a distance from each 
other equal to the sums of their two focal distances. 

FIG. 890. 




Principle of the Telueopt. 

Thus, if tlie focus of the object glass. A, Fig, 220, be ei^l 
inches, and that of the eyeglass B, two inches, then the distance 
of the sums of the foci will be ten inches, and, therefore, the 
two lenses must be placed ten inches apart ; and the same rule 
is observed, whatever may be the focal lengths of any two 
lenses. 

Now, to understand the effect of this arrangement, suppose 
the rays of light, C D, coming from a distant object, as a star, 
to fall on the object glass, A, in parallel lines, and to be re- 
fracted by the lens to a focus at E, where the image of flfe star 
will be represented. The image is then magnified by the eye- 
glass B, and thus, in effect, is brought near Qie eye. 

All that is effected by the telescope, therdbre, is to form an 
image of a distant object, by means of the object lens, and then 
to assist the eye in viewing this image as nearly as possible by 
the eye lens. 



84. How Is the most simple refracting telescope formed 1 Which is the object, and 
Which the eye lens, in Fig. 220 1 What is the rule by which the distance of the two 
Ijastes apart is found 1 How do the two glasses act, to bring an object near the eye 1 
Bzplain Fig. 221, and show how the object comes to b« laverted by the two lensM. 



It IB, however, necessary liere to state, that by the last figure, 
the principle only of tho telescope is intended to be explained, 
for in the common instrument, with only two glasaea the image 



appeal* to the _, 

The reason of this will be seen by the nest figure, where tho 
direction of tho rays of light will show the position of the image. 




Suppose A, Fig. 221, to be a distinct object, from which pan- 
cilfl of rays flow from every point toward the object lens B. 
The image of A, in consequence of tlie refraction of the rays by 
the object lens, is inverted at C, which is the focus of the eye- 
glass D.and through which the image is then seen, still inverted. 

85. Spyglass. — The inversion of the object is of little conse- 
quence when the instrument is employed for astronomical pur- 
poses, for since tlie forms of tlie heavenly bodies are spherical, 
their positions, in this respect, do not affect their general ap- 
pearance. But for terrestrial purposes, this is manifestly a great 
defect, and therefore those constructed for such purposes, as 
ship, or spyglasses, have two additional lenses, by means of 
which, the maages are made to appear in the same position a& 
the objecta. Tliese are called double telescopes. 

Such a telescope is represented at Fig. 222, and consists of 
an object glass A, and three eyeglasses, B C and D. The eye- 
glasses are placed at equal distances from each other, so that 
the focus of one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted through 
the other three lenses to the eye. The rays coming from Ae 
object 0, cross eacli other at the focus of the object lens, and 
thus form an inverted ima^ at P. This image being also in 
the focus of the first eyeglass, B, the rays having jiassed throng 
this glass become parallel, for we have seen in another plaoej 
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that divergiDg rajs are rendered parallel by refraction thraogh a 
convex lens. The rays, therefore, pass parallel to the next lens 
C, by which they are made to converge, and cross each other, 
and thus tlie image is inverted, and made to assume the original 
position of the object 0. Lastly, this image, being in the iocob 
of the eyeglass D, is seen in the natural position. 

The apparent magnitude of the object is not changed by these 
two additional glasses, but depends, as in Fig. 220, on the mag- 
nifying power of the eye and object lenses ; these two gUwsa 
being added merely for the purpose of making the image ap- 
pear erect. 

86. Reflecting Telescope. — The common reflecting tele- 
scope consists of a large tube, containing two concave reflecting 
mirrors, of different sizes, and two eyeglasses. The object is 
first reflected from the large mirror to the small one, and firom 
the small one, through the two eyeglasses, where it is then seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope with a focal length 
of a thousand feet, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflecting telescope, 
only ei/T^ht or nine feet long, will magnify with distinctness 
twelve hundred times. 

The princij)le and construction of the reflecting telescope will 
be understood by Fig. 223. Suppose the object O to be at 
such a distance, that the rays of light from it pass in parallel 
lines, P P, to the great reflector, R R. This reflector being 
concave, the rays are converged by reflection, and cross each 
other at A, by which the image is inverted. The rays then 
pjiss to the small mirror, B, which being also concave, tiiey are 
thrown back in nearly parallel hues, and having passed the 



96. IIow many lenses and mirrors form the reflecting telescope 1 What are the 
advantages of the reflectinsr over the refracting telescope 1 Explain Pig. 223, and 
■how the course of the rays from the object to the eye. Why is the small mirror ta 
thii instrument made to move Iqr means of a screw 1 
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aperture in tlie center of the great mirror, fall 
convex lens E. By tiiis lens tliey are refracted 
cross each other between E and D, and thus the 
inverted, and brought to its original position, or 
of the object. The raya then passing the seec 
the image of the object on the retina. 

The large mirror, in this instrument ia fixed, but 
one moves backward and forward, by means of a sere' 
adjust the image to the eyes of different persona. Both mirrors- 
are made of a composition, consisting of several metals melt 
together. 

87. One great advantage which the reflecting telescope 
Besses over the refracting, appears to be, that it admits ol 
eyeglass of shorter focal distance, and, consequently, of greater 
niagniiying power. The convex object glass of the refracting 
instrument, does not form a perfect image of tlie object, since 
some of the rays are dispersed, and others colored by refroctioi]. 
This difficulty does not occur in the reflected image from the 
metalUc mirror of the reflecting telescope, and consequently iti 
may be distinctly seen, when more highly magnified. 

The instrument just described is called " Oregory's lelMcope," 
because some parts of the arrangement were invented by Dr. 
Gregory. 

88. HericheVs Telescope, — In Dr. Herschel's grand telescope, 
the largest then constructed, the reflector was 48 inches in 
diameter, and had a focal distance of 40 feet. This reflector 
was three and a half inches thick, and weighed 2000 pounds. 
Now, since the focus of a concave mirror is at the distance of 
one-half the semi-diameter of the sphere, of which it is a sec- 
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tion. Dr. Ilencbers reflector hanng a focil distinoe of iO feet, 
formf-^ 1 part of a «[>bere of 160 feet in diam^er. 

Tills crreat instrument was l-egan ia 1785, and finished four 
T^.irs aft»-rward. TIk- fram-j by which this wonder to all astron- 
cin'T' \\:a su[i[ior.€ril, ha\-:cj decayed, it was taken down in 
1 f*-22, ami anothfrr of 20 feel I'jcus. with a reflector of 18 inches 
in «li:iiii»;t«.T, er»>cted in its j lace, Lv Herschers son. 

Tho larir^rst Ilersehers trlesoofie now in existence is that of 
Gp-iiwir-h ol»«':-rvatorT, in England- This has a concave re- 
fli-^ti.r of 15 inches in diameter, with a focal length of 25 feet, 
anil w;is r-ncU-d in 18*20. 

80. LoKD Rosse's Telescope. — ^Dr. Herschers telescope wis 
tli»' lanw^st <*ver constructed until recently, when a young no- 
M^man of fortune in Ireland, Lord Rosse, being led by an in- 
voiitivt? fjonius, and having, it appears, a degree of enterprise 
not to \j(i d«torred by difficulties, projected the plan of building 
a t<'I(rM:oj»o of a size and power hitlierto unknown in the world. 

Tlio fi allowing account of the "Monster Telescope,^ as it has 
]x^fn f alli'd, is t'lken from tliat of Thomas Dick, LL. D., con- 
t'liii^d in liis works. 

It af»|)<fars that the possibility of casting a speculum, or re- 
fl»'ctor for a t<^U^co]>e, of six fi?et in diameter, was entertained by 
liis lonKliip in 1810, though others considered such an under- 
taking in tlic light of a chimera. But the trial being made 
tlirough tli(»- i»rrnsovorance and large expenditures of tJie pro- 
jector, (ronjplcto sneccss crowned tl^'^ experiment, a nearly per- 
fect c.'istingof a spocuhim 72 inches in diameter being the result 
Thus tin* (lifiiculty of constructing an instrument one-third largei 
than HcrsdiclV, \v;u* at once surmounted. 

00. C(}}n])(mtioii and Casting. — The composition of this 
Hpc<uluirj is copjicr and tin united very nearly in their atomic 
proportions, namely : copjxjr 126.4, to tin 58.9 parts. A foundry 
w:iH const ruct«Ml <.*x|>rcssly for this great casting, the chimney of 
which was 18 feet higli, and 10^ feet square at the foundation. 
The crucihhis for conUiiniiig tlie fused alloy were of cast iron, 2 
f'ct. in <lianietor, and 2J feet deep. Iron baskets, suspended by 
c/aiies, were so contrived as to receive the crucibles and their 
iiH'lh-d <'.ontenLs, and swing them to the mold into which, one 
ufler th(' other, they were poured. The mold, 6 feet in diam- 
i'ter ami 5 J inches deep, was arranged in an exact horizontal 



M9. Who roiiHfrnrfrd fh(» larirMt telescope in the world 1 What is the size of th« 
NiiiiMiluiii 1 IK). Wlint Is Its C()mi)onition ? How much larger is this iustrument than 
livikclicrsl 
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position by means of spirit levels. The crucibles were 10 houni I 
in the furnace before the metal was Buffidently fluid to cast, 
The speculum weighed 3 tons— lost one-eightli of an inch in 
thickness by grinding. 

Grinding. — The grinding was conduclfld under water, the 
Uioving power being a steam-engine of 3 horse power. The 
grinder b of cast iron with grooves in its face to retain the emery, 
and the two &cea having a mutual motion, both became per- 
toet, whatever might have been their inequalities. The polish- 
ing was done by means of a thin layer of pitch h] read on the 
grinder, on which rouge was smeared in the form o' paste witi 
water. Thia process took sis hours. 

Construction of the Tube, — The tube is BS feet k ng, made 
of boards and hooped with iron. On the inside at intervals of 
8 feet, are iron rings to support the boards. Its diamtter is Y 
feet, the whole being easily moved in any direetion by means 
of pulleys and levers, a universal joint at the lower end being 
designed for this purpose. 

Wall of Support. — At a distance of 12 feet, on each aiile of 
the instrument is a brick wall, 72 feet long, 48 high on the out- 
side, and 5fi on tlie inside, ranging exactly on the meridianal 
liue. These walb have rods of iron and wood passing from one 
to the other, for the support of the telescope, as it is turned in 
difiereut directions. , 

The weight of the speculum and tube, including that of tl 
bed on which it is sustained, is about 15 tons. 

This being a reflecting telescope, the observer stands ii 
gallery at the upper end, and looks into the side of the g) 
tube, where the observations are made by means of a reflecti 
surface of 4,071 stjuare inches, while Herschel's great reflecti 
had a surface of only 1,811 square inches. 

The cost of thia wonder of the age b 60,000 dollars. 

Description of the JV^wre.— The following description (rf ft 1 
section of Lord Roase's telescope, /''iff. 224, though not so pes 1 
feet as could be desired, is the best we could obtdn. It ex- 
hibits a view of the inside of the eastern wall, with the tube, 
find machinery by which it is moved. A is the mason-work on 
the ground ; B the universal joint, which allows the tube to 
turn in all directions ; C the speculum in the tube ; E the eye- 
piece through which the observer looks; F a pulley by wmch 
the tube is moved ; II a chain attached to the pulley, and to 
the (ride of the tube ; 1 8 chain running to K, the counterpoise; 
tl a levet connecting the chain M with the tube ; Z anotha 
H 12 J 




chBiii wbieh passes from tlie upper paii of the tobe ma a iwt 
ley at W, (not mh-o,) and crosses to the oppoaite wall; 4 I 
railroad on which llie nneculum is drawn either to or froni Om 

tiilje. Tlie doited lino II. shows the course of the weight R, W 
the tube rises or fulls. The tube w moved from wall to wall 
by a ratchet wheel at R. wliich is turned by the lever O, od the 
circle N, the ends of which are fiscd in the (wo walk. 

91. Casikha Odscvba. — Camera olmcura strictly si^ifiei a 
darkened chamber, bccaitte the room must be darkened, t» order 
to ohserve its effects. 

To witness Oio phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the light. Then from 
on aperture, say of an inch in diameter, admit a single beam of 
li^ht, and tlic images of external things, such as the trees and 
houH<«, and pc^rsnns walking the streets, will be seen inverted 
on Uie wall opposite to where the light is admitted, or on a 
suri.'cn (if white paper, placed before the aperture. 

132. Tlie reason why the image is inverted will be obvions, 
when it is remembered that the rays proceeding from the ei- 
(reiiiitiw of the object must converge in order to pass through 
tlie small aperture ; and as the rays of light always proceed in 
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Itraigbt lines, they 
niuBt cross eaen 
other at the point 
of adnuEsion, 33 
eiq>lained under 
the article Vision. 

Thus the pencil 
A, ^i;?. 225, com- 
ing from the up- 
per part of the 
tower, and pro- 
ceeding Btraight, 
will represent the 
linage of that part at B, while the lower part C, for the same 
reason, will be represented at D. If a convex lens, wilh a short 
tube, be pliiced in the aperture through which the light paseea 
into the room, the images of tilings will be much more pcrfb;t, 
and their colors more brill! aut. 

This instrument is soraetiraea ^'^- ^*- 

employed by painters, in order 
to obtain an exact delineation 
of a landscape, an outline of the 
image being easily taken with 
a pencil, when Uie image is 
thrown on a sheet of paper. 

There are several modifica- 
tions of this machine, and among 
them the revolving camera ob- 
scura is the most interesting. 

It consists of a small house. 
Fig. 226, with a plane reflector 
A B, and a double-convex lens 
C B, placed at its top. The re- 
flector is fixed at an angle of 
45 degrees with the horiaon, so 
aa to reflect the rays of light 

perpendicularly downward, and is made to revolve quite aroui 
m either direction, by pulling a string. 

Now suppose the small house to he placed in the open air 
Yrith the mirror, A E, turned toward the east, then the rays of 
light flowing from the objects in that direction, will strike the 
mirror in the direction of the Imes 0, and he reflected down 
through the convex lens C B, to the tabla E E, sAiet* fe"*^ "^rSi. 




tarn in mi"'-*""* * nxNt perfect and beuditBl pctnra of Q» 
lKtdac*{>4 in that directioo. Tlien, by makiiig the reflector le- 
Tolrft, another portioa of the laodacape may be aeen, and tliBi 
the objects, in all directions, can be viewed at K iritbont ehtng- 
iBg the place of the instrumeDt. 



93. Tht Jfaffit Lantern it a wiero$npe tm Uu tame prvteipU 
at tht tolar mierotcope. — But instead of b^ng naed to mtgmlj 
natural objects, it is commonly employed for amusement, If 
casting' the shadows of small transparent paintings dcHie on glMi 
npon a scr«en placed at a proper distance. 
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Let a candle C, Fig. 227, be placed on the in^de of a box or 
tulm, HO that its light may pass through the plano-<onvex lena 
N, and strongly illuminate the object O. This object is gen- 
erally a small transparent painting on a slip of glass, which 
slides through an opening in the tube. In order to show the 
figurcB in the erect position, these paintings are inverted, since 
tlieir Bhadowa are again inverted by the refraction of the eonvei 

In Komc of these inatrumenta there is a concave mirror, D, by 
which the object O, is more strongly illuminated than it would 
be by the lump alone. The object is magnified by the double- 
convex IcTiH, M, which is movable in the tube by a screw, so 
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^t its focus can be adjusted to the required' distance. Lastlj^ 
there 13 a screen of while cloth, pUiced. at the proper distanie, 
on which the image or shadow of the picture, is seen greaily 
ma^ificd. 

The pictures being of various colors, and so transparent, that 
the tight of the lamp shines through thcra, the shadows are 
also of various colors, and thus soldiers and horaenien are repre- 
tented in their proper costume. 



94. We have &us far considered light as a simple body, i 
have supposed that all its jiarts were equally refracted, in 
pasaage, through the several lenses described. But it will now 
be ehoAvn that light is a compound body, and that each of ita 
rays, which to us appear white, is composed of serenil colors, 
and that each color suffersa different degree of refraction, when- -"m 
the rays of light pass through a piece of glass, of a certain shapt 
This was a discovery of Sir Isaac Newton. 

95. Solar Si"ECTRuu. — If a ray, proceeding from the sun,'.' 
be admitted into a darkened chamber, through an aperture in 
the window shutter, and allowed to pass through a triangular 
shaped piece of glass, called a prism, the light will be decom- 
posed, and instead of a spot of white, there will be seen, on the 
opposite wall, a most hriUiant display of colors, including itt'^ 
those seen in the rainbow. 
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the floor at C, where it would Ibnn m romid, wliite spot NoTt 
on interposing the prism P, the rmj will be refracted, and at the 
aame time decomposed, and will ferm on the screen M N, an 
oblong figure, containing seven colors, which will be situated in 
respect to each other, as named on the figore. 

It may be observed, that of all the oc^rs, the red is least re- 
fracted, or is thrown the smaUest distance from the direction of 
the original sunbeam, and that the violet is fnost refracted, or 
bent out of that direction. 

This oblong image containing the colored rays, is called the 
9olar or prismatic spectrum, 

96. Reampositum of White Light — ^That the rays of the 
sun are composed of the several colors aboye named, is suffi- 
ciently evident by the fiust, that such a raj is divided into these 
several colors by passing through the prism, but in addition to 
this proof^ it is found by experiment, that if these several colon 
be blended or mixed together, white will be the result. 

This may be done by mixing together seven powders whose 
colors represent the prismatic colors, and whose quantitfes are 
to each other, as the spaces occupied by each color in the spec- 
trum. When this is done, it will be found that the resulting 
color will be a grayish white. A still more satisfectory proof 
that these seven colors form white, when united, is obtained by 
causing the solar spectrum to pass through a lens, by which 
they are brought to a focus, when it is found that the focus will 
be the same color as it would be from the original rays of the 
sun. 

97. Other Means of Decomposing Light. — ^The prism is not 
the only instrument by which light can be decomposed. A 
soap bubble blown up in the sun will display most of the pns- 
matic colors. This is accounted for by supposing that the sides 
of the bubble vary in thickness, and that the rays of light are 
decomposed by these variations. The unequal surface of mother 
of pearl, and many other shells, send forth colored rays on the 
same principle. 

Two surfaces of polished glass, when pressed together, will 
also decompose the light. Rings of colored light will be ob- 



What are the prismatic colors, and how do they succeed each other In the spec- 
inim 1 Wliich color is refracted most and which least ? 96. When the several 
prlHmatlc colors are blended, what color is the result ? When the solar spectrum i/i 
made to p«88 through a lens, wlfat is the color of the focus? How do we learn that 
•*ch colore*! ray has a refractive power of its own ? 97. By what other means be- 
PW« the prism, can the rays of light be decomposed 1 How may light be decomposed 
^ two pieces of glass? *^ 



Berved aronnd the point of contact between tlie two Burfacea, 
and their number may be increased or diminished by the de- 
grees of pressure. Two pieces of common looking-g!aaa, pressed 
together with the fingers, will display most of the prismatic 

98. A variety of substances, when thrown info tlie form of 
the triangular prism, will decomjiose the rays of light, an well 
as a prism of glass. A very common instrument for this pur- 
pose is made by putting together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edges c«Tuented with putty, so as to make the whole walw-tighL 
When tliia is filled with water, and held before a sunbeam, the 
■olar spectrum will he formed, displaying the same colors, and 
in the same order, as that above described. 

09. Retomposilion of Idffht hy a Circle. — On tiiis subject, a 
carious and satisfectory experiment may bo made by means of 
K dark center, and circle, with 
divisions between them, ropre- 
EontiAg the proportions of tha 
piismatic rays, and colored to 
imitate them. The letters. 
Fig. 229, show the different 
colors of the seven rays, and 
tiie spaces they severally oe- 

100. Now if this card, thus 
eolored, beiplaced on a spiudle 
aod made to turn rapidlv, the 
seven colors will entirely dis- 
appear, and a dull white only 
will be presented to the eye, 
instead of them. 

101. HxplanaticM. — Any color 
eye after it is covered, or renio' 
whirled rapidly, appears a circle c 
will thus he so blended as to see 
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instant on tho 
and hence a fire-brand 
Two revolving colors 
ledium between them ; 



thus if all the colors on the card are covered, except the yetlot 
and red, they will appear orange. And if all the prismatic 
dnts are blended, whether in the form of powdeis, or propor- 
tionate, colored, revolving surfaces, they produce whit«. 
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102. The rainbow was a phenomenon^ for which the sneieiiii 
were entirely unable to account ; but after the discoTerj thfi 
fight is a compound prindple, and that its colors may be septr- 
ated bj various substances, the solution of this j^ienomsDOB 
became easy. 

Sir Isaac Newton, after his great discoveiT oi the componod 
nature of liffht, and the different refirangilnlity of the colored 
rap, was able to explain the rainbow on optical principles 

103. If a glass fflobe be suspended in a room, where the np 
of the sun can faS upon it, the light will be dec(»nposed, or 
separated into several cdored rays, in the same manner as is 
done by the prism. A well defined spectrum will not, however, 
be formed by the globe, because its shape is such as to dispose 
some of the rays, and converge others ; but the eye, by taking 
different poeitions in respect to the globe, will observe the va- 
rious prismatic colors. Transparent bodies, such as glass and 
water, reflect the rays of light from both their sur&ces, but 
chiefly from the second sur&ce. lliat is, if a plate of naked 
fflass be placed so as to reflect the image of the sun, or of a 
mmp, to the eye, the most distinct image will come from the 
second surface, or that most distant from the eye. The great 
briUiancy of the diamond is owing to this cause. It will be un- 
derstood directly, how this principle applies to the explanatioD 
of the rainbow. 

104. How the Bow "®- ^aa 
w Formed, — Sup- 
pose the circle A B 
C, Fiff. 230, to rep- 
resent a globe, or a 
drop of rain, for each 
drop of rain, as it 
falls through the air, 
is a small globe of 
water. Suppose also, 
that the sun is at S, 
and the eye of the 
spcctfitoratE. Now, 
t luis already been 




Bow the Bow if I\>rm9tL 



lOa. What dlncovery preceded the explanation of the rainbow? Who first es 
plained the rainbow on optical principles 1 103. Why does not a glass globe form • 
Well defined ipeetrum 1 From which surface do transparent bodies <^ieilT reflcH 
**»«Utht1 
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■tated, (103,) thiit from a single globe, the whole solar spectmni ' 
ia not seen in tbe same position, but that the different colors are 
seen from different places. Suppose, then, that a ray of liglit 
from the sun S, on entering the globe at A is separated into its 
primary colors, and at the saiae time the red ray, which is tha 
least Infrangible, is refracted in the line fixim A to B, From 
the second, or inner surface of the drop, it would be reflected to 
C, tbe nngle of reflection being equal to the angle of incidence. 
On passing out of the drop, its refr'action at C, would be just 
equal to the refraction of the incident ray at A, and therefore 
the red ray would fall on the eye at E. All the other colored 
rays would follow the same law, but because tbe angles of inci- 
dence and those of reflectjon are equal, and because the colored 
rays are separated from each other by unequal refraction, it ia 
obvious, that if the red ray enters the eye at E, none of the 
other colored rays could be seen from the same point. 

105. From this it is evident, lliat if the eye of the spectator J 
ia moved to another position, he will not see the red ray o 
ing from the same drop of rain, but only the blue, and if to 
other position, tlie green, and so of all the others. Bui i 
shower of rain, there are drops at all heights and distances, a 
though they perpetually change their places, in respect to t 
gun and the eye, as they fall, still there will be many whioB 
will be in such a position as to reflect the red rays to the ej 
and as many more to reflect the yellow rays, and so of all ti 
other colors. 

106. This will be made obvious hy Mg. 231, where, to a- 
confusion, we will suppose that only three drops of rain, and, 
consequently, only three colors, are to be seen. 

The numbers 1, 2, 3, are tlie rays of the sun, proceeding to 
the drops ABC, and from which these rays are reflected to tha 
eye, making different angles with the horizontal line II, be- 
cause one colored ray is refracted more than another. Now, 
suppose the red ray only reaches the eye from the drop A, the 
green from the drop B, and the violet from tbe drop 0,theiitl 
spectator would see a minute rainbow of three colors. Bi 
firing a shower of rain, all the dmps which are in the positi( 
of A, in respect to the eye, would send forth red rays, and 
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other, while those in the position of B, would emit green nys, 
and no other, and those in the position of C, violet rays; and 
so of all the other prismatic colors. Each circle of colors, of 
which the rainbow is formed, is therefore composed of reflections 
from a vast number of different drops of rain, and the reason 
why these colors are distinct to our senses, is, that we see only 
onti color from a single drop, with the eye in the same position. 
It follows, then, that if we change our position, while looking at 
a rainbow, we still see a bow, but not the same as before, and 
hence, if there are many spectators, they will all see a different 
rainbow, though it appears to be the same. 



COLORS OF OBJECTB. 



107. Color Depends on Absorption and Reflecticm. — It ap- 
pi'ars that the colors of all bodies depend on some peculiar 
pr(>p(»rty c^f their surfaces, in consequence of which, they absorb 
Moinci of the colored rays, and reflect the others. Had the sur- 
fiuuiH of all bodies the property of reflecting the same ray only, 
all imtiinj would display the monotony of a single color, and 
our Monncm would never have known the charms of that variety 
which we now b<jhold. 



107. On what do thft colnrn of bodies depend? Suppose all bodies reflected Um 
**ma rAy, wimt would b« the couHcqtience in regard to color f 
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108. To acconnt for sucli a variety of colors as we see m dif- 
ferent bodies, it is supposed that all substances, when made 
sufficiently thin, are transparent, and consequently, that they 
transmit through their surfaces, or absorb, certain rays of light, 
while other rays are thrown back, or reflected. Gold, for ex- 
ample, may be beat so thin as to transmit some of the rays of 
light, and the same is true of several of the other metals, which 
aixi capable of being hammered iuto thin leaves. It is there- 
fore most probable, that all tlie metals, could they be made suf- 
ficiently thin, would permit the rays of light to pass through 
them. Most, if not quite all mineral substances, though in the 
mass they may seem quite opaque, admit the light through 
their edges, when broken, and almost every kind of wood, when 
made no thinner than writing paper, becomes translucent. 
Thus we may safely conclude, that every substance with which 
we are acquainted, will admit the rays of light, when made suf- 
ficiently thin. 

109. Transparent Substances, — Transparent, colorless sub- 
stances, whether solid or fluid, such as glass, water, or mica, 
reflect and transmit hght of the same color ; that is, the light 
seen through these bodies, and reflected from their surfaces, is 
white. This is true of all transparent substances under ordinary 
circumstances ; but if their thickness be diminished to a certain 
extent, these substances will both reflect and transmit colored 
light of various hues, according to their thickness. Thus, the 
thin plates of mica, which are left on the fingers after handling 
that substance will reflect prismatic rays of various colors. 

110. From such phenomena. Sir Isaac Newton concluded, 
that air, when below the thickness of half a millionth of an inchy 
ceases to reflect light ; and also, that water, when below the 
thickness of three-eighths of a millionth of an inch, ceases to re- 
flect light But that both air and water, when their thickness 
is in a certain degree above these limits, reflect all the colored 
rays of the spectrum. 

111. From a great variety of experiments on this subject. Sir 
Isaac Newton concludes that the transp§rent parts of bodies, 
acoording to the sizes of their transparent pores, reflect rays of 
one color, and transmit those of another, for the same reason 



108. Ho^ ia the variety of colors accounted for, by considering all bodies tran** 
parent 1 109. What is said of the reflection of colored light by transparent sub- 
stances 1 VlThat substance is mentioned, as illustrating this fact ) IH). What is tn« 
conclusion of Sir Isaac Newton, concerning the tenuity at which water and air ee«M 
Co reflect light ? 111. What is said of the porous nature of the solid bodiaal 
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thin platM, or nnnuie paitickB of ttr, water, and nome 
other salstanoes, reflect certain rays, and absorb or tnnsimt 
othersi and that thk is the cause of aU their colon. 



CHAPTER III. 

ASTRONOMY. 



112. Tnis term is compounded of the Greek astra^ the stan, 
and nomas a law ; and hence signifies the laws <^ the celestial 
bodies. 

Astronomy is that science whicK treats of the motions and 
appearance of the heavenly bodies ; cuxountsfor the phenomena 
iohich these bodies exhibit to us ; and explains the laws by which 
their motionSj or apparent motions, are regulated. 

Astronomy is di\ided into Descriptive, Physicaly and Prac- 
tical. 

Descriptive astronomy demonstrates the magnitudes, distances, 
and densities of the heavenly bodies, and explains the phenom- 
ena dependent on their motions, such as the change of seasons, 
and tlie vicissitudes of day and night 

Physical astronomy explains the theory of planetary motion, 
and the laws by which this motion is regulated and sustained. 

Practical astronomy details the description and use of astro- 
nomical instruments, and develops the nature and application 
of astronomical calculations. 

The heavenly bodies are divided into three distinct classes, or 
systems, namely, the solar system, consisting of the sun, moon, 
and planets ; the system of the fixed stars ; and the system of 
tlie comets, 

%THK BOLAR 8T8TEM. 

• 

113. The Solar System consists of the Sun, and forty-two 
other bodies, including the satellites, which revolve around him 
at various distances, and in various periods of time. 



112. What is astronomy 1 How is astronomy divided 1 What does descriptive 
aatronomy teach 7 What is the object of physical astronomy 1 What is practical 
•«ronomy 1 How are the heaveuly bodies cfivided ? 113. Of what does the solar 
^yaUm oonsist 1 



Tbes6 bodi«8, bein^ pen>etuall7 in motdon, are called plmett, 
from a Greek word sigmijing wandereTs, and they are distin- 
guished willi reference to their centers of revolution, into 
primary and secondary, 

114. The Primary planets are those which revolve around 
the sun as their proper center. These ore twelve in number; 
that nearest the sun being Mercmy, the others foDow in succes- 
sion, thus: Venus, Earth, Mars, Vesta, Ceres,' Pallas, Juno, 
Jupiter, Saturn, Herschel or Uranus, and Neptwe. 

115. The Secondary planets are those which move round the 
primsrieB, as these move round the sun. Of these, there aie 
nineteen, called also moons, or satellites, The8e,.fis we shall 
see, like theh* primaries, complete their revolutions at various 
periods of tjme. 



116. The following tabular view of the primary planets ex- 
hibits their respective dlameteis ; their distances from the son ; 
&% periods of their revolutjons round the sun ; the periods of 
thor revolutions round their axes, where this is known ; uid 
their hourly motdon through their several orbits. 











f r.lwli III nTolu- 






iD Enillill 














E.gli.hrall». 






















3,2M 




te 




110,000 




7697 










The Eanh, 


7,912 








Wfloo 


M«™, 


i,\m 


_iMiono!ooo 






66,000 


V«,(^ 




aET.jmn.ooo 




) 


45,000 


Ctr«, 




%a,iiaa,aio 


l^l 


fDnknqwp. 


11^00 










\ 








?T6,0OO.a)O 


2/K« 




ii'/m 






490.000,000 


4^ 




30,000 




79,W2 


woxwo.ooo 


10,7461 




lffi,0110 


Htnclitl, 




1.800,000,000 






16,000 


Meplune, 


as^nro 


Z,BGO,ODD,000 


'iGSy., 


Cnkiiown. 





IT PhUoc^r.lilNU'ved to be correct, wurdiDf to (he 



(Prof. HobEjn'a) edUlon 



pbnotj, raand Domben are renei 
■~i3aa Itait the perkidtc rSToniliai 
lul ii(ia,foii.j,t» Id Iba ts~ 



TtwalMV". table, takep from lh« iMt 
. - ;rlpllOB) 
eta ara ftrea hi reara, dafa ai 

. A Tear, what, — A year consists of the time which il 
n planet to perform one complete revolution through its 

nut are Ui* bodlaa called.wblcb nrolre aronad tbe Sun u a cento-t US 
■lM*acbpliuigtUnukalt(ran)luUon*iaiiadUi%aDi&1 VO.'VniiL'Ak-iwN 



21% 



AHTBOVOm. 



orbit, or to pass once around the Son. Our Earth performf 
tills revolution in about 365 days, and therefore this is the 
period of our year. Mercury completes his revolution in 88 
dayf«, and theref<>re his year is no longer than 88 of our days. 
But tlie planet Ilerschol is situated at such a distance from tiie 
Sun, tliat his revolution is not completed in less than about 84 
of our years. Tlie oiln-r planets complete their revolutions in 
various ]K'riodsof time, between these ; so that the time of these 
]»i'riiHls is |rt*ner«11y in proportion to the distance of each planet 
from the Sun. 

118. 1 Wides the above enumerated primary planets, our sys- 
tem contains nineteen secondary planets, or moons. Of iheM, 
our Earth has one moon, Jupiter four, Saturn eight, and Her- 
scliel six. None of these moons, except our own, and one or 
two of Saturn's, can be seen without a telescope. The seven 
other planet^ so far as has been discovered, are entirely with- 
out moons. 

119. All the planets move around the Sun from west to east, 
and in the same direction do the moons revolve around their 
primaries, with the exception of those of Herschel, which appear 
to revolve in a contrary direction. . 



NEW PLANETS AND ABTEROIM. 



120. The following table contains tho names of the new 
planets and asteroids, with the date, place of discovery, and the 
name of the discoverer. 



Name. 


When discovered. 


By whom. 


1 Where. 

1 


Uranu.s, . . . 


March 


13, 


1781. 


Ilerschel, 


Slough. 


Ceres,. . . . 


Jan. 


1, 


1801. 


Piazzi, 


Palermo. 


Pallaa, . . . 


March 


28, 


1802. 


Olbers, 


Bremen. 


Juno, .... 


Sept. 


1, 


1804. 


Harding, 


Tiilienthral. 


Ve«ta, . . . 


March 


29, 


1807. 


Olbers, 


Bremen. 


Aslra'a, . . . 


Dec. 


«, 


1845. 


Ilencke, 


Driessen. 


Neptune, . . 


Sept. 


23, 


1846. 


Galle, 


Berlin. 


Ileho, . . . . 


July 


1, 


1847. 


Hencke, 


Driessen. 


/ 

IriH, .... 


Aug. 


13, 


1847. 


Hind, 


London. 


Hora, .... 


Oct. 


18, 


1847. 


Hind, 


London. 


MetiH, . . . 


April 


25, 


1848. 


Graham, 


Marknee. 


Hy^eia, . . . 


April 


12, 


1849. 


Gasparis, 


Naples. 


Parthenope, 


May 


13, 


1850. 


Gasparis, 


Naples. 


C'lio, .... 


Sept. 


13, 


1850. 


Hind, 


London. 


%eria, . . . 


Nov. 


2, 


1850. 


Gasparis, 


Naples. 


Ir«ij<», .... 


May 


20, 


1850. 


Hind, 


London. 


Now Ilanet, . 


July 


Ar •/ • 


1851. 


Gasparis, 


Tendon. I 
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The preceding table is taken from the American Aknanac 
for 1852. 

With the exception of Uranus, or Herschel, and Neptune, 
these planets are called Asteroids, meaning star-like, or more 
recently PlanetaidSj planet-like, on account of their diminutive 
sizes, and in order to distinguish them from the larger planets. 

121. Mr. Hind proposed Victoria, or Clio, for tie name of 
the planet which he discovered on the ISth of September, and 
at first the name of the Queen was adopted by many foreign 
astronomers. But it seems that the scientific world have long 
since refused to name planets after their discoverers, or their 
patrons, or indeed after any mortal individual, choosing to adopt 
for. them the names of heathen deities, thus following the 
ancient custom in this respect. 

122. Number of New, or Recently Discovered Celestial 
Bodies. — ^In our former edition, the solar system was stated to 
consist of the Sun, and twenty-nine bodies revolving around 
him. At the present time, the number has increased to forty- 
one, namely, the planet Neptune, and eleven Asteroids, the 
names and dates of discovery of which, are contained in the 
preceding table. It has been stated also, that an eighth satel- 
lite of Saturn has been discovered, but of this, we have obtained 
no certain account 

The power and perfection of new astronomical instruments, 
will probably lead to further celestial discoveries, of which the 
world at present can have no conception. 

123. The following table contains the distances of the Aste- 
roids, or what recently have been called the Planetoids, from the 
Sun. 

The radius of the Earth's orbit, in these computations, is as- 
sumed to be 95,000,000 of miles. 

Names. Distances from the Sud in Miles. 

1. Flora, 209,160,265 

2. Clio, 221,813,220 

3. Vesta, 224,302,695 

4. Iris, 226,159,280 

6. Metis, 226,632,665 



118. How many moons does onr system contain 1 Which of the planets are at- 
tended by mocns, and how many has each 1 119. In what direction do the planets 
aiove aroand the Sun 1 121. What is said with respect to the names of the planets 1 
122. What number of revolving celestial bodies were formerly known 1 How many 
have recently been discovered, and what are they called } 123. . In the aho^^ \akM 
what is the estimated distance of the Sun 1 
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6. New Planet, 227,046,800 

7. Hebe, 230,449,070 

8. Parthenope, 232,629,135 

9. Egeria, 243,206,650 

10. Irene, 242,468,786 

11. Astnea, 244,819,485 

12. Jnno 253,729,515 

13. Ceres 262,964,845 

14. Pallaa, 263,421,510 

15. Hygeia, 299,255,700 



that 



OhiervatioM. — The periods of the revolutions of many of ths 
rewntly discovered Asteroids have not been determined, We 
have, therefore, allowed the old ones to remain in the table with 
the Planets, as in the former edition. It will be observed that 
there is a difference between the numbers expressing the 
tances of these Aatoroids from the Sun, in the above, and in 
former table. In that the sums are given in the nearest ro 
numbera, while in this, the fractdona are detailed, 

124, ORBrra of the Plabbts. — The paths in which the 
placela move round the Sun, and in which the moons move 
round their primaries, are called their orbiU. These orbits are 
not exactly circular, as they are commonly represented on p»- 
per, but are elliptica!, or oval, so that all the planets are nearer 
the Sun, when in one part of their orbits than when in another. 

In addition to their annual revolutions, seme of the planets 
are known to have diurnal, or daily revolutions, like our Earth, 
The periods of these daily revolutions have been ascertained, in 
several of the planets, by spots on their surfacea But where 
no such mark is discernible, it can not be ascertained whether 
the planet has a daily revolution or not, though this has beat. 
(bund to be the case in every instance whore spots are seen, 
and, therefore, there ia little doubt but all have a daily as wm 
as a yearly motion. 

125. Theim«of a planet is an imaginary line passing through 
its center, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis. 

T!ie orbila of Mercury and Yenus are within that of Uw 
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Eartb, and oonaequently they are called inferior planets. Tha 
orbits of all the other plasete are trithont, or exterior to that of 
tbe Earth, and these are called superiiyr planets. 

126. That the orbits of Mercury and Venua are within that 
of the Earth, ia evident from the circumstance that they are 
never seen in oppositioQ to the Sun, that is, they never appear 
in the west when the Sun is in the east. On the contrary, tim 
orbits of all the other planets are proved to be outside of the 
Earth's, since these planets are sometimes seen in opposition to 
the Sun. 

This will be understood by Fig. 232, where suppose S to bo 
the Sun, M"the orbit of Mercury or Venus, E the orbit of the 
Earth, and J that of Jupiter. Now, it ia evident, that if a 
spectator be placed any where on the Earth's orbit, as at E, he 
may sometimes see Jupiter in opposition to the Sun, as at J, 
because then the spectator would be between Jupiter and tha 
Sun. But the orbit of Venus, being surrounded by that of the 
Earth, she never can come in opposition to the Sun, or in that 
part of the heavens opposite to fiim, as seen by us, because our 
Earth never passes between her and the Sun, 




OrMIt (f UU Flmiu. 



127. Orbila Elliptical. — It has already been stated, that the 
orbits of the planets are elliptical, (124,) and that, consequently, 
these bodies are sometimes nearer the Sun than at others. An 



In Ihs Eulh'i orbit, and Itaa 
» whj Iho Inferior plumli 



MS ARBOvomr. 

elfipae, or oral, has two fod, and the Sao, instead of bebe ii 
tlto oommon center, is always in the lower focus of th^ oraitk 

The orbit of a planet is represented by Fig. 233, where AD 
B E is an ellipse, with its two foci, S and O, the Son being io 
the focus S, which is called the lower focus. 

When the Earth, or any other planet, revolving around the 
Sun, is in that part of its orbit nearest the Sun, as at A, it is 
said to be in its perihelion ; and when in that which is at the 
greatest distance from the Sun, as at B, it is said to be in iti 
aphelion, Tlie line S D, is the mean, or average distance of a 
planet^s orbit from the Sun. 

128. Ecliptic. — ^The planes of the orbits of all the planets 
pass through the center of the Sun. The plane of an orbit is 
an imaginary surface, passing from one extremity, or side of the 
orbit, to the oUicr. If the rim of a drum head be considered ths 
orbit, its plane would be the parchment extended across it, on 
which the drum is beaten. 

Let us suppose the Earth's orbit to be such a plane, cutting 
the Sun through his center, and extending out on every side to 
the starry heavens ; the great circle so made, would mark the 
line of the ecliptic^ or the Sun's apparent path through the 
heavens. 

Tlio circle is called the Sun's apparent path, because the rev- 
olution of tlie Earth gives the Sun the appearance of passing 
through it. It is cfilled the ecliptic, because eclipses happen 
when the Moon is in, or near, this apparent path. 

129. Zodiac. — The Zodiac is an iniagiiiary belt, or broad 
circle^ extending quite around the heavens, Tlie ecliptic divides 
the zodiac into two equal par+s, the zodiac extending 8 degrees 
on each side of the ecliptic, and therefore is 16 degrees wide. 
The zodiac is divided into 12 equal parts, called the signs of the 
zodiac. 

130. The sun appears every year to pass around the great 
circle of the ecliptic, and consequently, through the 12 constel- 
lations, or signs of the zodiac. But it will be seen, in another 
place, that the Sun, in respect to the Earth, stands still, and 
that his a]>parcnt yearly course through the heavens is caused 
by the annual revolution of the Earth around its orbit. 

To understand the cause of this deception, let us suppose that 



12R. What is the plane of an orbit 1 Explain what ip meant by the ecliptic. Why 
III the ecliptic called tlie Sun's apparent path 1 129. What is the zodiac ? How do«f 
the ecliptic divide the zodiac ? IIow far does the zodiac extend on each side of tlM 
•cliptic 1 130. Explain Fig. 234, and show why the Sun seems to pass through th« 
•cllptlc, when the Earth only revolves around the Sun 7 




i; Fig. 234, IB the Sun, A B, a part 
of the circle of the ecliptic, and C 
D, a part of the Earth's orbit Now 
if a spectator be placed at C, he will 
see the Snn in that part of the eclip- 
tic marked by B, but when the 
Eartli moves in her annual revolu- 
tion to D, the spectator will see the 
Sun in tiiat part of the heavens 
marked by A ; ao that the motion 
of the Earlh in one direction, will 
give the Sun an apparent motion in 
the contrary direction. 

131, CoNarBLLATioBS. — A sign 
or amstellation, is a collection of 
6xed stars, and as we have already 
seen, the Sun appears to move 

through the twelve signs of the KoAiac every year. Now, tlie 
Sun's place in the heavens, or zodiac, is found by his apparent 
conjuncdon, or nearness to any particular star in the constella- 
tion. Suppose a spectator at C, Fig. 234, observes the Sun to 
'\ia nearly in a line with the star at B, then the Sun would bo 
near a particular star in a certain constellation. When the 
Earth moves to D, the Sun's plRce would assume another direc- 
tion, and he would seem to have moved into another constellation, 
and near the star A. 

132. Each of the 13 signs of the zodiac is divided into 30 
smaller parts, called degrees ; each degree into 80 equal parte, 
called minutes, and each minute into 60 parts, called seconds. 

The division of the zodiac into signs, is of very ancient date, 
each sign having also received tie name of some animal, or 
tiling, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This is, however, found to be the most con- 
venient method of 6nding any particular star at this day, for 
among astronomers, any star, in each constellation, may be de- 
lignated by dwiribing the part of the animal in which it is 
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situated. Thw, by knowing liow many stan belong to the ocm* 
stellation Leo, or the lion, we readily know what star is meant 
by that which is situated on the Lion's ear or tail. 

133. Names of the Signs. — ^The names of the 12 signs of 
the zodiac are, Aries, Taurus, Qemini, Cancer, Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricorn, Aquarius, and Pisces. Thd 
common names, or meaning of these words, in the same ordei, 
are, the Ram, the BuU, the Twins, the Crab, the lion, the Yi^ 
gin, the Scales, the Scorpion, the Archer, the Gk>at, the Wateier, 
and the Fishes. 




Signa of the Zodiac. 

134. The twelve signs of the zodiac, together with the Sim, 
and the earth revolving around him, are represented at Mg, 
236. When the Earth is at A, the Sun will appear to bo just 

133. What are the names of the twelve signs 1 134. Explain why the Sun wU* l»i 
"> the beginning of Aries when the Earth is at A, Fig. 235. 
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ntBtering the sign Aries, because then, when seea from the Earth, 
he ranges toward certain etara at the beginmiig of that constel- 
lation. When the Eaith is at C, the Sun will appear in the 
opposite part of the heavens, and therefore in the beginning of 
Ijbra. The middle line, dividing the circle of the zodiac into 
equal parts, is the line of the ecliptic. 

135. Densitt op the Planets. — Astronomers have no 
means of ascertaning whether the planets are composed of the 

ime kind of matter as our Earth, or whether their surfaces are 
elotJied with vegetables and foresta, or not They have, how- 
ever, been able to ascertain the densities of several of them, by 
observations on their mutual attraction. By density, is meant 
compactness, or the quantity of matter in a given space. (72-) ~ 
When two bodies are of equal bulk, that which weighs m 
has the greatest donaty. It was shown, while treating of 
properties of bodies, that substances attract each other in pro- 
porSon to the quantities of matter they contain. (132.) I^ 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, their 
quantities of matter, or densities, are easily found. 

136. Thus, when ^e planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obnous that the 
small planets, if of tlie same density, will suffer greater disturb- 
ance Irom'this cause, than the laj^e ones. But suppose two 
planets, of the same dimensions, pass each other, and it is found 
that one of them is attracted twice as far out of its orbit as the 
other, then, by the known laws of gr.ivity, it would be inferred, 
that one of them contained twice the quantity of matter that 
the other did, and therefore that the density of the one was 
twice that of the other. 

By calculations of this kind, it has been found, that tha 
density of the Sun is but a little greater than that of water, while 
Mercury is more than nine times as dense as water, having a 
specific gravity nearly equal to that of lead. The Elarth hai 
a density about five times greater than that of the Sun, and x 
little less than half that of Mercury. The densities of the othw 
planets seem to diminish in proportion as their distaneea from 




the San increise, the densitr of Sfttum, one of the moBt lemut* 
of planets, being only about one-third that of wato*. 



137. The Sun u the center of the 9olar system^ and the greed 
dhpnuer of heat and light to all the planets. Around the jStm 
7// the planete revoli'e^ as around a common center, he being the 
lartjrst body in our system, and, so far as we know, the largett 
in tJit universe. 

Distance of the Sun. — ^The distance of the Sun from tlie 
Earth is 95 millions of miles, and his diameter is estimated it 
887,000 miles. Our globe, when compared with the magnitade 
of th«.' Sun, is a mere point, for his bulk is about thirieen hun- 
dred thousand times greater than that of the Earth. Were tbe 
Sun's center placed in the center of the Moon's orbit, his ci^ 
cuiufurence would reach two hundred thousand miles bejond 
her orbit in every direction, thus filling the whole space be- 
tween us and the moon, and extending nearly as hr bejond 
her as she is from us. A traveler, who should go at the rate 
of 90 miles a day, would perform a journey of nearly 38,000 
miles in a year, and yet it would take such a traveler more 
than 80 y«'ars to j^^o round the circumference of the Sun. A 
IxhIv of such miglity dimensions, hanging on nothing, it is cer- 
tiiin, must have emanated from an Almighty power. 

The Sun appears to move around tlie Earth every 24 hours, 
m\n(r ill the east, and setting in the west This motion, as will 
\)Q i>r(>ve(l in another place, is only apparent, and arises from 
th(^ diurnal revolution of the Earth. 

188. JJiurnal Revolution of the Sun. — ^The Sun, although 
he d(>(?s not, like the planet*^, revolve in an orbit, is, however, 
not witliout motion, lumng a revolution around his own axis, 
oucM m 2.5 days and 10 hours. Both the fact that he has such 
11 motion, and the time in which it is performed, have been as- 
CMitained by tlie spots on his surface. If a spot is seen, on a 
r«*voIviii<^ bi^dy, in a certain direction, it is ob\ious, that when 
the. same sj)ot is again seen, in the same direction, that the body 
has m/i(l<» Olio revolution. By such spots the diurnal revolutionB 
of th(^ j)lanet«, jis well as the Sun, have been determined. 



i:i7. Winn' iHthonlnce of the Sun in the solar system 7 What is the distance of tht 
Run from Ihc Karth I What is the diameter of the Sun ? Suppose the center of tba 
Hun mill that of the Moon's orbit to be coincident, how far would the Sun extend be- 
y'Mid ihr Moon's orbit 1 138. How is it proved that the Sun has a motion around hit 
"^M axial How oden does the Bun reyolve 1 
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139. Spots on the Sun. — Spots on the Sun, seem first to 
have been observed in the year 1611, since which time they 
have constantly attracted attention, and have been the subject 
of investigation among astronomers. These spots change their 
appearance as the Sun revolves on his axis, and become greater 
or less, to an observer on 'the Earth, as they are turned to, or 
from him ; they also change in respect to real magnitude and 
nimiber ; one spot, seen by Dr. Herschel, was estimated to be 
more than six times the size of our Earth, being 50,000 miles in 
diameter. Sometimes forty or ^ftj spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to Ije seen with the naked eye ; this was the case in 1816. 

140. Nature and Design of these Spots, — In respect to the 
nature and design of these spots, almost every astronomer has 
formed a different theory. Some have supposed them to be 
solid opaque masses of scoriae, floating in the liquid fire of the 
Sun ; others, as satellites, revolving round him, and hiding his 
light from us ; others, as immense masses, which have fallen on 
iSa disc, and which are dark-colored, because they have not yet 
become sufficiently heated. From these various theories we 
may infer that, at present, nothing certain is known of the na- 
ture and design of these spots. 

MERCURY. 

141. Mei^c^y^ t]te planet nearest the Sun, is about 3,000 
miles in diameli^fUid.. revolves around him at the distance of 
87 millions of miles.* Tlie period of his annual revolution is 88 
days, and he turns on his axis once in about 15 hours. 

No signs of an atmosphere have been observed in this planet. 
The Sun's heat at Mercury is about seven times greater than it 
is on the Earth, so that water, if nature follows the same laws 
there that she does here, can not exist at Mercury, except in the 
state of steam. 

The nearness of this planet to the Sun, prevents his being 
often seen. He may, however, sometimes be observed just be- 
fore the rising, and a little after the setting of the Sun. When 
teen after sunset, he appears a brilliant, twinkling star, showing 

199. When were the spots on the Bun first observed 1 What has been the differ- 
•nce in the number of spots observed 7 What was the size of the spots seen by Dr. 
Herschell 140. What has been advanced concerning the nature of these spots 1 
Have they been accounted for satisfactorily 1 141. What is the diameter of Mercury, 
•od what are his periods of annual and diurnal revolution 1 How great is the Sun's 
fteat at Mercury? At what times is Mercury to be seenl What is a transit ol 
Mtrcoryl 
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a white light, which, howew, is much obacmed bj the glare 
-A twilight TNlien seen in the morning, before the nsing of 
the Sun, his light is also obscored bj the Son's rays. 

Mercury sometimes crosses the disc of the Son, or comes be- 
tween the Earth and that Imninary, so as to appear Uke a small 
dark spot pasang over the Sun^s fine. This is called the ^roaii^ 
i»f Mercury. 



142. Venu9 is the other planet, whose orbit is within that of 
tlie Earth. Her diameter is about 8,000 miles, being somewhat 
lar^T than the Earth. 

ller revolution around the Sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns on 
her axis once in 23 hours, so that her day is a little shorts 
than ours. Her hourly motion in her orbit, is 80,000 miles. 

Venus, as seen from the Earth, is the most brilliant of all the 
primary ]>lanets, and is better known than any nocturnal lumin- 
ary except the Moon. When seen through a telescope, she ex- 
hibits the phases or homed appearance of the moon, and her 
face is sometimes variegated with dark spots. 

143. This planet may often be seen in the day time, even 
wlien she is in the vicinity of the blazing light of the Sun. A 
luminous appearance around this planet, seen at certain times, 
proves that she has an atmosphere. Some of. her mountains 
are several times more elevated than any'on^ijur globe, bebg 
from 10 to 22 miles high. . • *"* 

144. Venus sometimes makes a transit across the Sun's disc, 
m tlie same manner as Mercury, already described. The transits 
of Venus occur only at distant periods from each other. The 
Iiist transit was in 17G9, and the next will not happen until 
1874. These transits have been observed by astronomers with 
th(^ ^eatest care and accuracy, since it is by observations on 
thoiu that the true distances of the Earth and planets from the 
8un arc (leU*rmined. 

145. Motions and Phenomena of Venus, — Sometimes Venus 
appears to recede from the Sun, and then approach him, and 
ns her orbit is within that of the earth, her distance from us 



142. WJuTc JBthe orbit of Venus, in respect to that of the Earth! What ii the 
lime of VfUUH' n-voiution round the Sun"? How often does she turn on her axil 1 
14'1. Whjit \h said of the height of the mountains in Venus? 144. On what account 
art' the IniUKitK of Venus observed wifh preat care ? 145. What is the least and ipreat- 
rst <liHtftiire of Venus from flie Earth ? When is slie in her inferior, and when in her 
•Uftf.rior conjunction with the Sun t Why is she invisible in those two positioas \ 



uies from '27,000.000 to 103,000,000 of miles. When oei 
it the earth she forms her inferior conjunctioii ivith the Sun, 
that ia, she ia between aa and him, and hence being overpow- 
ered witii his hght, IB inviaible. When at the greatert datance 
from us, she forms her superior conjunction with that luminary, 
aai\ for the same reason again becomes invisible to u 

These phenomena will 
Iw uuderstood by the fol- """ '™' 

lowing explanations in con- 
nection with I'iff. 236, 
which we quote from Dr. 
Diet. 

HO. Let the earth be 
supposed at K, then when 
Venus is in the position 
marked A, it is in a hne 
with the Sun aa seen from 
the earth, and is then in 
its supeffOT conjuncUon, 
being in the remotest part 
of its orbit. When in this 
position, the whole of its 
enlightened hemisphere is 

toward the earth, but is invisible on account of the Sun's light. ' 
As it moves from A to B, being from west to cast, which ia 
called its direct motion, it begins to appear after sunset aa the 
evening star. When at B, it appears among the stars at L, 
when it appears in a gibbous shape, nearly half \\a disc being 
luminous. When at C, it appears among the stars at M, nearly 
in the form of a half moon. At D, being at the point of iU 
greatest elongation, it has the form of a half moon, and is seen 
among the stars at N". It now appears, for some time lo he 
etationary, because moving nearly in a straight hne toward the 
earth, its motion is not seen ; when it again appears to move 
rapidly, but in a contrary direction from before, or, from east 
to west, during which it presents the form of a crescent. It 
now gradually becomes so overpowered by the Sun's rays as 
again to be inviaible to the naked eye, and when arrived at E, 
forms her inferior conjunction with tlie Sun, and her nearest 
approach to the Earth. 

147. In this position, Venus ia 36,000,000 n-'' "- 
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Eartb than when in her superior conjunction, and hence the 
great difference in her apparent size, and the luster with which 
she shines uix>n us. When near her superior conjunction, 
almost her entire disc is enlightened to us, and yet she appears 
like a faint star when compared with her luster when near her 
inferior conjunction, and when only her small crescent is turned 
owarJ us. 

IlaNinii passt*d her inferior conjunction, her light hecomes 
l«»ss and loss until she again becomes invisible, as she again ap- 
proaches her superior conjunction, as before. 

148. AVlien Venus is in that part of her orbit which gives 
her the appearance of being west of the Sun, she rises before 
him, and is then called the morning star ; and when she ap- 
pears east of the Sun, she is behind him in her course, and is 
then called the evening star. These periods do not agree, either 
with the yearly revolution of the Earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the Earth and Venus 
move round the Sun in the same direction, and hence her rela- 
tive motion, in respect to the Earth, is much slower than her 
absolute motion in her orbit. If the Earth had no yearly mo- 
tion, Venus would be the morning star one half of the year, 
and the evenin<Tf star the otlier half. 



THE EARTH. 



149. The next planet in our system, nearest the Sun, is the 
Earth. Her diameter is 8,000 miles. This planet revolves 
around him in 365 days, 5 hours, and 48 minutes ; and at the 
distance of 95 millions of miles. It turns round its own axis 
once in 24 hours, making a day and a night. The Earth's rev- 
olution around the Sun is called its annual or yearly motion, 
because it is performed in a year ; while the revolution around 
its own axis, is called the diurnal or daily motion, because it 
takes place every day. The earth's motion in her orbit is at 
the rate of 68,000 miles per hour. The figure of the Eartii, 
with the phenomena connected with her motion, will be ex- 
plained in another place. 



147. Why is the \\g\tt of Venus to us so much lees at some times than at others? 
How much nearer the earth is this planet at her inferior than at her superior coo- 
juiictioii ? 148. When is Venus the morning:, and when the evening star 1 How lonf 
18 Venus the morning and how long the evening star? 149. How long does it take 
the Earth to revolve round the Sun 1 What is meant by the Earth's annual reTolo- 
tl«n, and what by her dhirnal revolution 1 
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160. The Moon, next to the Sun, is, to us, the most hrilliaot 
_knd interesting of all the celestial hodies. Being the nearest to 
QB of any of the heavenly orbs, and apparently designed for our 
nne, she haa been observed with great attention, and many of 
the phenoniena wliich she presents, are therefore better under- 
stood and explained, than those of the other pianefa. 

While the Eartli revolves round the aun in a year, it is at- 
tended by the Moon, which makes a revolution ronnd the Earth 
once in 2'7 days, 7 hours, and 43 minutes. The distance of 
the Mnon from the Earth is 240,000 miles, and her diameter 
about 2,000 miles. 

Her surface, when seen through a telescope, appears diversi- 
fied with hills, mountains, valleys, rocks, and plains, presentine 
a most interesting and eurjoua aspect; but the explanation of 
these phenomena are reserved for another section. 



* 151. The next planet in the solar system, is Mars, his orbit 
surrounding that of the Earth, The diameter of this plaaet is 
upward of 4,000 miles, being abont half tliat of the Earth. 
liie revolution of Mara around the Sun is performod in nearly 
687 days, or in somewhat leas than two of our years, and he 
turns on liis axis once in 34 hours and 40 minutes. His mean 
distance from the Sun is 144,000,000 of miles, so that ho moves 
in his orbit at the rate of about 65,000 miles in an hour. The 
days and nights at this planet, and the different seasons of the 
year, bear a considerable resemblance to those of the Earth. 
The density of Mara is less than that of the Earth, being only 
three tiraea that of water. 

152. Telescopic Vieie ofMar/.—Thh planet, to the naked 
eye, refiecla a yellowish, or dull red light, by which he may be 
istinguished from all the others. His telescopic appearance is 
quite peculiar, and often interesting, on account of the changes 
bis face presents, being sometimes spotted, then striped, then 
clouded, and so on ; and sometimes all these figures appear at 




tha MiB« tim^. pr«f«Qc::i^ a gicai ruie^ of aspecta, stme of 
trliicb are r?pr«Bctib:<l br /7^. -237. It is difficnlt to account 
lor these Ap[^!anr.<xs. tLou^ they are attribated to deoM t^m 
in th< a:m'j!p^-.Te (^ ibe fUu^c 




Mare hsa an atinos[>here c^ great densitT and extent, as h 
proved bj the dim appearance of the fixed stars, when seen 
throDgh iL 'nien any of the stars are seen nearly in a fine 
with Uiis planet, they gire a funt, obscure light, and the nearer 
they approach the line of his disc, the Rioter is llieir light, antil 
tlie iitar is entirely oWured from the sighL 

Tliis plaiipt somctimps appears much larger to us than at 
jUifirB, and lliia is readily accoonted for by his greater or less 
dixtanre. At his nearest approach to the Earth, his distance 13 
only 50 millioiiK of miles, while his greatest distance is 240 
niillioiiH of ini1<:s; makin^r a difTt-rence in his distance of 190 
milliiiMs of miles, or the diameter of the Earth's orbit. 

Tlifl Sun's heat at this plauet is less than half that which we 
enjoy. 

To the liiliabilanta of Mars, our planet appears alternately aa 
tlio morning and evening star, as Venus does to ns. 



Jujt'iter is 89,000 mikg in diameter, and performs his 
remliiliim ime.e. in ahiyut 11 of out years, at the distunce 
itillimiK <f miles from the San. This is the largest 
I lliii HT]|;ir Hyslcm, being about 1,400 times larger tiian 

■Mp.Mi.iri.inrtiTnfJupBerl WhM li tiH dimnce rromfhcSanl WhU 
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fte Earth. His diurnal revolution is performed iri nine houra 
and fifty-six minutes, giWng his surface, at the equator, a mo- 
tion of 28,000 miles per hour. Tbis motion is about twenty 
times more rapid than that of our Earth at the equator. 

Jupit«r, next to Venus, is the most brilliant of the planets, 
though the light and heat of the Sun on him is nearly 25 tiniaa 
less than on the earth. 

Tbis planet is distinguished from all the others, by an ap-. 
pearance resembling bands, whicib extend across liis disc These 
are termed beils, and are variable, both in respect to number 
and appearance. Sometimes seven or eight are seen, sereral of 
which extend quite across hia fiice, while others appear broken, 
or intemtpted. 
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These bands, or belts, when the planet is observed through K 
telescope, appear as represented in Fiff. 233. This appearanc* 
is much the most common, the belts running quite across tho 
face of the planet in parallel lines. Sometjmes, however, his 
aspect is quite different from this, for in 1780, Dr. Herschcl 
saw the whole disc of Jupiter covered with small curved lines, 
each of which appeared broken, or interrupted, the whole hav- 
ing a parallel direction across hia disc, as in J^iff. 230. 

164, Jupiter has four satellites, or moons, two of which are 
sometimes seen with the naked eye. They move round, and 
attend him in his yearly revolutJon, aa the Moon does our Eartii. 
They complete their revolutions at different periods, the shortest 
of which is less than two days, and the longest seventeen daya> 
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1 55. Eclipses of Jupiter' t Jfoons.— These satelliles often &l 
into the shadow of their primary, in conseqnesee of which ihc^ 
are eclinaed, as teeo from the Earth. The ecHpses of Jti[at«rs 
moons naye been observed with great care by astronomers, be- 
canae they have been tho means of delerminin)^ the exact lon^- 
tade of places, and the velodty with which Hght moves throngh 
space. How longitude ia determined by these eclipses, can not 
be explmned or understood at this place, but the method by 
which they become the means of ascertaining the reloaV ■» 
1ight,maybe readily comprehended. An eclipse of one of these 
■atellitea uppears, by calculation, to take place aiileeit minnlea 
sooner, when the lirth is in that part of her orbit nearest to 
Jupiter, tlian it does when the Earth is in that part of her orbit 
at the greatest distance from him. Hence, light is found to be 
UKteen minutes in crossing Uie Earth's orbit, and hs the Sun is 
in the center of this orbit, or nearly so, it must take about wght 
minutes for the light to come from him to us. Light, there- 
fore, passes at the velocity of 95 millions of miles, our distance 
irom the Sun, in abont eight minutes, which is nearly 200,000 
miles in a. second. 



166. The planet Saturn revolves round the Sun inapmttd 
ijf about 30 of our yean, and at the distance from, Aim ^900 
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■ millions of miles. His diameter is 19,000 miles, making his 
tiulk nearly nine liuodred times greater than that of the Earth, 
but natwithstaudiDg this vast eiae, he revolves on his axis once 
in about ten hours. Saturn, therefore, performs upward of 
25,000 dJumal revolutions in one of his years, and hence his 
year consists of more than 25,000 days ; a period of time eijual 
to more than 10,000 of our days. On account of tie remote 
distance of Saturn from the Sua, he recelvea only about a 90Ui 
part of the heat and light which we enjoy on the Earth. But 
to compensate, in some degree, for this vast distance from the 
Sun, Saturn has seven moons, which revolve round liiin at dif- 
ferent distances, and at various periods, &om 1 to 80 days. 
157. Rings of Saturn. — Saturn is distinguished from 
other planets by his rmg, as Jupiter is by his belt When 
planet is viewed 
through a tele- 
scope, he ap- 
pears surround- 
ed by au im- 
mense luminous 
circle, which is 
represented by 
Mff. 240. 

There are in- 
deed Iwo lumi D- Sulu-rH and tiU Sing . 

OU3 circles, or 

rings, one v^-ithin the other, with a dark space bel ween tliem, bo 
that they do not appear to toucli each other. Nt ather does the 
inner ring touch the body of the planet, tliere bei ng, by estima- 
tion, about the distance of thirty thousand miles between them. 

The estemal circumference of the outer ring is 630,000 miles, 
and its breadth from the outer to the inner circumference, 7,200 
miles, or neatly the diameter of our Earth. The dark space, 
between the two rings, or the interval between th 
the outer ring, is 2,800 miles. 

A third ring, interior to those heretofore known, 
ered in 1851, by Mr. Bond, of Cambridge, Mass. 

This immense appendage revolves round the Sun with 
planet,— performs daily revolutions with it, and, according to 
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in deoatj b> iLe My 

mpftatdaga bo vaA, vid so 

b]r Uk odier planels, bne 

■nd iaajniry among Ktroo- 

s mfpean to be that of i^ 

Ibt Kgte (£ the Sob on iIm UxIt of the ptuet. au<l 

' it oi^ tdfaa the h«>t alM^ w ^ in some degree to 

dw rigor of BO iMboBfiibble a cKmato. 

158. ^ wiB plaaet wro lT w tammi iIm San, om c/ib a'da 
it illuiBiwBUi during one hilf of the year, and the other siAa 
4«rag tlie other Uf; w Ihnt, »■ Satnrti'g jemr n eqnal to 
Uanjr of ov jean, one of hi* •adea aill be eoI^ieDed and 
dori Jj ied, ahanal«l^, em; fifteen jeais, as th« poles tt tm 
Earth are alieniateiy io the Gglit and daA ereiy year. 

Fiff. S41 Kprcsenta 
Satvm IS seen hj an 
eye. pliw^d at right-an- 
gles to the plane of Im 
ring. Wlien Keen from 
Um Earth, his position is 
always oblique, as rcpre- 
■ented by /'>. 240. 

The inner white cirote 
represenlH Ihe bodj o( 
the planet, enli^hteni.il 
by tLe Son. Tbe dark 
orcie next to this, is the 
nncnliglitoued xpace be- 
twoen the body pf the 
planet and the inner 
rinpr, being the daik ex- 
panse of 111" honvens be- 
yond the planet The two unite circles are me migs c 
planet, wilii the dark epace between them, which also i 
dnrk i^xpnnsa of the heaveDs. 

The eighth satellite of tbis planet, was discovered by 
Bond, the discoverer of this third ring, as above stated. 




100. In conKiq(ieti(!o of some ineqnalitlea in the tnotkoiaj 
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Jupiter and Saturn, in their orbits, several astronomers had sus- 
pected that there existed another planet beyond the orbit of 
Saturn, by whose attractive influence these irregularities were 
produced. This conjecture was confirmed by Dr. Herschel, in 
1781, who in that year discovered the planet, which is now 
generally known 1^ the name of its discoverer, though called 
by him Georgium Sidus, The orbit of Herschel is beyond 
that of Saturn, and at the distance of 1,800 millions of miles 
from the Sun. To the naked eye, this planet appears Hke a 
star of the sixth magnitude, being, with the exception of some 
of the comets and Neptune, the most remote body, so far j>s 
known in the solar system. 

160. Herschel completes his revolution round the Sun in 
nearly 84 of our years, mo^^ng in his orbit at the rate of 15,000 
miles in an hour. His diameter is 35,000 miles, so that his 
bulk is about eighty times that of the Earth. The light and 
heat of the Sun at Herschel, is about 360 times less than it is 
at the Earth, and yet it has been found, by calculation, that 
ibis light is equal to 248 of our full Moons ; a striking proof of 
the inconceivable quantity of light emitted by the Sun. 

This planet has six satellites, which revolve round him at 
various distances, and in diflferent times. The periods of some 
of these have been ascertained, while those of the others remain 
unknown. 

NEPTUNE. 

161. The discovery of this planet is a signal instance of the 
powei of mathematical calculations, appUed to the motions of 
the celestial bodies. 

Astronomers, for more than half a century, had observed 
from various parts of the world, certain secular perturbations in 
several of the most remote members of the solar system, espe- 
cially in Saturn and Uranus. 

These irregular motions, due to the law of attraction, could 
not be explained by the influence of any known body, circula- 
ting around the Sun, and hence the inference that there existed 
in that region, another planet not yet seen by mortal eyes. 

162. Two young astronomers, Adams, an Englishman, and 

169. What circumstance led to the discoverr of Herschel 7 In what year, and bjr 
whom was Herschel discovered 1 What is the distance of Herschel from the Sani 
160. In what period is his revolution round the Sun performed 1 What is the diam- 
eter of Ilerscnel ? What is the Quantity of light and heat at Herschel, when com- 
pared with that of the Earth 7 lb2. By whom, and in what manner was Neptune 
discovered? 13* 
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Levcrrier, a citizen of France, unknown to each other, pnniiinfl 
this suggestion, both demonstrated, not only the existence of. 
this undiscover^ body, but showed within a few degrees the 
point in the heavens where it would be found, and where in 
truth the discovery was made. Dr. Galle, of Berlin, sweeping 
the heavens with his telescope, according to^e directions of 
these demonstrators, first saw the planet now called Neptune, on 
the 26th of September, 1846. Still Leverrier and Adams, by 
the common consent of astronomers and the scientific worh^ 
must have the honor of this discovery, ^so that the discovery 
of Neptune, has happily crowned two heads with laurels.'^ 



FIO. 342. 



Herschel 




Relative Distance of the Planeta. 

163. This planet was first called Leverrier^ but it seems thaf 
astronomers have long since determined that new ones shall 



1S3. Wbat it said aboat calling new planets after their discorereml 
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not receive the names of tbeir discoverers, but of some heathen 
divinity, and hence Hersch^l, the name of the discoverer, has 
been changed to Uranus, and Leverrier into Neptune. 

164. Distance of Neptune, — ^It is stated in die table of the 
planets, that the distance of Neptune from the Sun, is 2,850 
millions <f - mMIJIU it k of miles. On this subject, a curious calcu- 
lator says, "^ Had Adam and Eve started on a railway, to go 
from Neptune to the Sun, at the rate of fifty miles an hour, 
they would not yet have arrived there, for this planet, at the 
above rate, is more than 6000 years from the center of our system." 

And yet this orb was discovered by the science of man. 

Rblativk Situations op the Planets. — Having now given 
a short account of each planet composing the solar system, the 
relative situations of their several orbits, with the exception of 
those of the Asteroids, are shown by Fig, 242. 

In this figure, the orbits are marked by the signs of each 
planet, of which the first, or that nearest the Sun, is Mercury, 
the next Venus, the third the Earth, the fourth Mars ; then 
come those of the Asteroids, then Jupiter, then Saturn, and 
lastly Herschel. 

FIG. 2ia 




MercHry Mars renus Earth 

O ' O O O ' \HerseH 



Rdative SKxea of the Planef. 
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^OMPARATIVK DIMENSIONS OP THE Planets. — ^The Compara- 
tive dimensions of the planets are delineated at Fig, 243. 



164. How long would 't take to go from our ejtium to Neptane, at the rate of tiHg 
mUeeanhoarl 
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We bare aaoB, m a fcrmer part of ibk wwk, (188,) diat d 
vndistiirbGd motkn k atrnriit ibrwaid, and tm a bodf pi»> 
jeetcd into open qMwe^ wqumI eootimn, perpetaaOf, to mofek 
a right Bhe, imliaa leteidedor diawn ovtof thk eovne hjaam 
eitmud caoBe. 

To aooonnt for the motioiia of the phueto m their odbki, nt 
will stippoae that the Earth, at the time of ita cnatioD, wm 
thrown bj the hand of the Creator into open apaee^ the So 
having been beisre created and fixed in hie present place. 

165. Cwcukar MMm q/ UW PIoimIs.— Under Oom p om d 
Motion, (100,) it has been shown, that when a bodj is acted os 
by two forces perpendicnlar to each other, its motion will be in 
a diagonal between the direction of the two foroea. 

But we will again here sup- 
pose that a ball is moving in the "®* ^**' 
line M X, Fiff. 244, with a given 
force, and that another force half 
as great should strike it in the 
direction of N, the ball would 
then describe the diagonal of a 
parallelogram, whose length 
would be just equal to twice its Diagonal Mmum, 
breadth, and the line of the ball 

would be straight, because it would obey the impulse and direc- 
tion of these two forces only. 

Now let A, Fig, 246, represent the Earth, and S the Sun ; 
and suppose the Earth to be moving forward, in the line from 
A to B, and to have arrived at A, with a velocity sufficient, in 
a given time, and without disturbance, to have carried it to B. 
But at the point A, the Sun, S, acts upon the Earth with his 
attractive power, and with a force which would draw it to 0^ 




— i^'.-^^PP®"® * ^°*^y ^® **® acted on by two forces perpendicular to each other, In 
What direction will it move? Why does the ball. Fig. 244, move in a sfraigm Mne 
wy Joea the Earth, Fig. 246, move in a curved line 7 Explain Fig. 21& uid ihoW 
■■»w wie two forces act to produce a circular line of motion 1 
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Circular Motion of the PUmets, 



m the same space of time A™' ^^' b 

that it would otherwise 
have gone to B. Then the 
Earth, instead of passing to 
B, in a straight line, would 
be drawn down to D, the 
diagonal of the parallelo- 
grnm, A B D C. The line 
of direction, in Fiff, 244, 
is straight, because the 
body moved, obeys only 
the difectiin of the two 
forces, but it is curved from 
A to D, Fig. 245, in con- 
sequence of the continued force of the Sun's attraction, which 
produces a constant deviation from a right line. 

When the Earth arrives at D, still retaining its projectile or 
centrifugal force, its line of direction would be toward N, but 
while it would pasn along to N without disturbance, the attract- 
ing force of the Sun is again suflScient to bring it to E, in a 
straight line, so that, in obedience to the two impulses, it again 
describes the cur^e to O. 

It must be rememljered, in order to account for the circular 
motions of the planets, that the attractive force of the Sun is 
not exerted at once, or by a single impulse, as is the case with 
the cross forces, producing a straight line, but that this force is 
imparted by degrees, and is constant. It therefore acts equally 
on the Earth, in all parts of the course from A to D, and from 
D to O, Fig. 245. From O, the Earth having the same im- 
pulses as before, it moves in the same curved or circular direc- 
tion, and thus its motion is continued perpetually. 

166. The tendency of the Earth to move forward in a straight 
line, is called the centrifugal force, and the attraction of the 
Sun, by which it is drawn downward, or toward a center, is 
called its centripetal force, and it is by these two forces that the 
planets are made to perform their constant revolutions around 
the Sun, (197.) 

167. Elliptical Orbits, — In the above explanation, it has 
been supposed that the Sun's attraction, which constitutes thd 
Earth's gravity, was at all times equal, or that the Earth was 
at an equal distance from the Sun, in all parts of its orbit. 



IG6. What is the projectile force of the Earth called ^ What is the attractive foiq» 
cf the San. which draws the Earth toward him, called? 
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jy. 246, tha aDipCieal dida 
bebff g up po a ed to ba tba 
Ear£'a ortit, with tfaa Sm, 
in onaof thelbcL 

Now tha spaoasi 1, 8, 8, 
Aa, though of difierent ahapai^ 
are of the same difnamriona, 
or contain the same quantity 
of surfiioe. The Earth, we 
have already seen, in its jour- 
ney round the Sun, describes 
an ellipse, and moves more 
rapidly in one part of its orl»t 
than in another. But what- 
ever may be its actual ve- 
locity, its comparative motion 
is through equal areas in equal 
times. Thus its center passes 
from A to B, and from B to D, in the same period of time, and 
so of all the other divisions marked in the figure. If the figuie, 
therefore, be considered the plane of the Earth's orbit, divided 
into 12 equal areas, answering to the 12 months <^ the year, 
the Earth will pass through the same areas in every month, but 
the spaces through which it passes will be increased, during 
every month, for one half the year, and diminished, during 
every month, for the other half. 
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108. WhAt !• mMtnt by a planet's passing through equal spaces in equal Mmeil 



169. Wlty the Planets do not Fall to the Suti. — Tlie rrjason- 
wby the planets, when tbey approach near the Sun, do not fall 
to him, in consequence of his increased attraction, and why 
they do not fly off into open apace, when they recede to the 
greatest distance from him, may be thus explained. 

Taking the Earth as an example, we have sliown that when 
in the part of her orbit nearest the Sun, her velocity is greatly 
increased by his attraction, and tl)at consequently the Earth's 
oentrifugal forc« is increased in proportion, 

170. Now, the velocity ot" the earth increases in an inverse 
proportion, as its distance from the Sun diminishes, and in pro- 
portion to the increase of velocity is its centrifugal force in- 
creased ; BO that, in any other part of its orbit, except when 
nearest the Sun, this increase of veloci^ would carry the Earth 
away Irom its centor of attraction. But this increase of the 
Earth's velocity is caused by its near approach to the Sun, and 
consequently the Sun's attraction is increased, as well as the 
Earth s velocity. In other terms, when^Iie centrifiigal force ia 
increased, the centripetal force ia increased in proportion, and 
thus, while the centrifugal force prevents the Earth Irom falling 
to the Sun, the centripetal force prevents it from moiing off ii^ 
a straight lino. 



i 



lYl. Proofs of the Earth's Diurnal Revolutimt. — It is almost 
universally believed, at the present day, that the apparent daily 
motion of tlie heavenly bodies from east to west, is caused by 
the real motion of the Earth from west to east, and yet there 
are comparatively few who have examined the evidence on 
which this belief is founded. For this reason, we will here stata 
the most obvious, and lo a common observer, the most convinc- 
ing proofs of the Earth's revolution. These are, first, the in- 
conceivable velocity of the heavenly bodies, and particularly the 
Sxed stars, around the Earth, if she stands still. Second, the 
fact that all astronomers of the present age agree, that every 
phenomenon which the heavens present, can be best accounted 
for, by supposing the Earth lo revolve. Third, the analogy to 
be drawn from many of the other planets, which are known 



KKI. 



toienAf OB thflir mxm; ind huOk^iam dfimnC Ifl^dbi of 
d^ and n^ts at the dfibrani ptameli^ fv M die 8im lefdifi 
about the aolar mtem, the dm and ingbta at many of the 
jifaniela nrast be of nmilar Ifngtha, 

172. The dktanoe of the Son horn tbe Baiiii hmg 95 mO- 
lioDt of miks, the diameter of the Ebith'b orhtt ia twice ito &- 
tanoe from the Sun, and, iherafbn^ 190,000,000 of nuleL 
Now, the diameter of the Earth'a orbits WlieD seen from Ihe 
nearest fixed star, k a mere pointy and were flie oihit a mM 
man of dark matter, it could not be aeen, with andh ejm m 
ours, from inch a &tance. Thia is Imown bj the ftet, that 
these stars apfMar no laiger to OB, even when our aif^t is asriried 
hy the best teleeoc^Ma, when the Earth is in that part of kr 
orbit nearest them, than when at the greateat^atanee^oriBilM 
oppofdte part of her orbit The approadk, therefore, of 190 
millions of miles toward the fixed slain, is ao small a part of 
their whole distance fnnn ns, that it makes no pereeptime dtf- 
ferenoe in their appeaAice. 

173. Now, if the Earth does not torn on her axis once in S4 
hours, these fixed stars must revdre aronnd the Earth at tlui 
amazing distance once in 24 hoars. If the Son passes aiomid 
the Earth in 24 hours, he most travel at the rate of neaify 
400,000 miles in a minnte; bat the fixed stars are at least 
400,000 times as far beyond the Sun, as the Sun is fircmi us, 
and, therefore, if they revolve around the Earth, must go at the. 
rate of 400,000 times 400,000 miles, that is, at the rate of 
160,000,000,000, or 160 billions of miles in a minute; a ve- 
locity of which we can have no more conception than of infinitj 
or eternity. 

174. In respect to the analogy to be drawn from the known 
revolutions of the other planets, and the different lengths (^ 
days and nights among them, it is suffident to state, that to 
the inhabitants of Jupiter, the heavens appear to make a revo- 
lution in about 10 hours, while to those of Venus, they 'appear 
to revolve once in 23 hours, and to the inhabitants of the othei 
planets a similar difference seems to take place, depending on 
*be periods of their diurnal revolutions. 

, 1«5. Now, there is no more reason to suppose that the 
heavens revolve round us, than there is to suppose that they re- 



mJ'Sl?^* ^^ BfT'^'" orbit a nlid masi, could ft be seen by as at the diatanee of 
mrr^i'f'^'* ^^- Appose the Earth stood still, how fast must the Sun moye to 
C^ua it in 34 hours 1 At what rate must the fixed stars mova to go round It in 31 
aTHTL *'4. If the heavens appear to revolve every 10 hours at Jupiter, and everr 
''"^n at tht Earth, how ean this difference be accountAd for, if they revolve at allf 
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« around any of the other planets, since the aatne ap] 

? revolution is common to them aJ! ; and as we know that the 

. other planets, at least laany of them, turn on their axes, and a-t 

all llifl phenomena presented by the Earth, can be accounted 

for hy such a revolution, it is folly to conclude otherwise. 



17a. The hoiizon is distinguished intc the sensible mid ni- 
Honal. The sensible horizon is that portien of the surface of 
tlie Earth which bounds our vision, or the circle around us, 
where the sky seems to meet the Earth. When the Sun rises, 
lie appears above the sensible horizon, and when he sets, ba 
HOks tjelow it. The rational horizon is an imaginary line jtium*. 
ing through the center of the Earth, and dividing it into twoi" 
«qual parts. i 

177. Direction op thb Ecliptic.— The ecliptic. (128,) Vfi 
iave already seen, is divided mto 360 equal parts, called AeiA 
grees. All circles, however large or small, are divided into'' 
degrees, minutes, and seconds, in the same manner as thft 
ecliptic. 

The (m« of the ecliptic is an imaginary line passing through 
its center and perpendicular to ifs plane. The extremities of 
this perpendicular line, are called the poles of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, he consid- 
ered on the horizon, or parallel with it, and the line of the 
Earth's axis be inclined to the axis of this plane, or tlie axis of 
the ecliptic, at an angle of 23i degrees, it will represent tli# 
relative positions of the orbit, and the axis of the Earth. 

These positions are, however, merely relative, for if the por- 
tion of the Earth's axis be represented perpendicular to the 
auator, then the ecliptic will cross this plane obliquely. But 
len the Earth's orbit is considered as having no inclination, 
its axis of course will have an inclination to the axis of the 
ecliptic, of 23-J- degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consider this as a horizontal plane, with the equator inclined 
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each way, for the poles, take hold of the north pole, and carrr 
it round the circle with the poles constantly parallel (o the rott. 
rising above the table. The rod being inclined 23-J degrees 
froDi a perpendicular, the poles and axis nill be inchned in the 
same degree, and thus the axis of the earth will be inclined to 
that of the ecliptic every where in the sarae degree, and lines 
drawn in the direction of the Earth's axis will be parallel to 
each other in any part of its orbit. 

179, This will be understood by Fiff. 247, where it wdl bn 
seen, that the poles of the Earth, in the several positions of A,, 
B C and D, being equally inclined, are parallel to each other., 
Supposing- the lamp to represent tiie Sun, and the wire circle 
the Earth's orbit, the actual position of the Earth, during ita 
annual revolution around the Sun, will he comprehended, and 
if the globe be turned on its axis, while passing round the lamp, 
the diurnal, or daily revolutions of uie Earth will also be 
represented. 



180, Were the direction of the EartKa axis perpendicular to , 
the plane of its orbit, the days and niffkls would he of equal 
length all the year, for then just one half of the £arlh, from ■ 
pole to pole, would be enligklened, and at the tame time the 
half would be in darkness. 



1 



^/•^ 



e the line S o, Ft</. 248, from the Sun to the Earth, ' 
to be the plane of the Earth's orbit, and that N S is the axis of 
the Earth perpendicular to it, then it is obvious, that exactly ■ 
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181. Now it is the hwilinatibn cT tfia SMk'a ani. « abm 
dewfibed, which caoee the hiiigrtia of Iha daja and n|^to 
dUfcr at tibe tame place at diflbrantaaMooaof fta jear; ir^ci 
renewing the ponhioB of tbe sldbe al A, Jife M7, it wl k 
dbevmfthat the lino imed Iji^ iM%ftMiBil nd dak 
headiphene, doee not coindde wnh Ae Biae of the an «i 
pola^M inFSff.UB,hiA fhaft the Bm ftmad lijAedvkMi 
aaddw lifl^ezteiidi oUiraeljaaRM tihe Bneof OaSMlii 
ani, ao that the notth pole v in ihe lafjkt whSk ih» aonth ii It 
tfaeduk. Intheponlion A,lherai)fe»anoboerTarat AenoA 
pole would see the son coneitantlj, while another at the woA 
pole would not see it at all. Henpe thooe living in the north 
temperate lone, at the seaMm of the jear when the earth iiit 
A, or in the Sommer, would have ka^ dayi and short nUiis 
in proportion as they approached the polar circle ; while doie 
who live in the south temperate aone, at the same time, and 
when it would be Winter there, wduld have long ni^ts and 
short days in the same proportion. 

RAIONI or TBI TXAE. 

182. The vieisHHides of ths seatont are caused hy the anmud 
revolution of the Earth round ihe Sun^ together with the nir 
elination of its axis to the plane rfits orbit. 

It has already been explained, that the ecliptic is the plane 
of the Earth's orbit, and is supposed to be placed on a level 
with the Earth's horizon, and hence, that this plane is consid- 
ered the standard, by iivhich the inclination of the lines crossing 
the Earth, and the obliquity of the orbits of the other planettr, 
are to be estimated. 

188. The Solstices, — ^The solstices are the points where the 
ecliptic and the equator are at the greatest distance from eadi 

181. Whftt If the CAttM of the unequal lengths of the days and nights in diflhreol 
E5?*«*',ISL* XIL?l^. ^ ^® What are the causes which produce the seaMHisof tbs 
Bf.'. *®^.WJ**if H* •^^ eolstlcesl When the Sun enters the Summer sobties 
SQ«t is sak! of the lencth of Uie days and nightol Wlien does the Sun enter tiM 
jgttr solstlcs, and what is the proportion l)«tween the length of the dsjrsui 
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other. The Earth, in its yearly revolution, passes through each 
of these points. One is called the Summer^ and the other the 
Winter solstice. The Sun is said to enter the Summer solstice 
on the 21st of June; and at this time, in our hemisphere, the 
days are longest and the nights shortest. On the 21st of De- 
cember, he enters his Winter solstice, when the length of the 
days and nights are reversed from what they were in June be- 
fore, the days being shortest, and the nights longest 

Having learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the Earth's 
/evolution. 



KEV0LUTI0N8 OF THE EARTH. 



184. Suppose the Earth, Fig, 249, to be in her Summer 
aclstice, wluch takes place on the 21st of June. At this period 
tthe will be at A, having her north pole, N so inclined toward 
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Seasons of the Year. 



the Sun, that the whole arctic circle will be illuminated, ana 
consequently the Sun's rays will extend 23^ degrees, the breadth 
of the polar circle, beyond the north pole. The diurnal revolu- 
tion, therefore, when the Earth is at A, causes no succession of 
day and night at the pole, since the whole frigid zone is within 



184. At what season of the year is the whole arctic eircle illuminated 1 
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the reach of liis ray». The people who live within the aicUe 
circle vnll c«iiise«yieiitly, at this time, enjoy perpetual day. 

185. Piirin;; this ]ioriod, just the same proportion of the 
eartli that is enliirhtencd in the northern hpmisphere, will be in 
total darkness in the opposite region of the southern hemispbere; 
S4> that while the people of the north are blessed with perpetual 
(lav, those of the south are groping in p>erpetual night Thoee 
viYn) 11% ♦• near the arctic circle in the north temperate zone, will, 
iluriiiir the Suininer, come, for a few hours, within the regions 
of iiiiiht, by the Earth's diurnal revolution ; and the greater the 
distance from the circle, tlie longer will be their nights, and the 
shorttrr their days. 

180. Hence, at this season, the days will be longer than the 
ni;rht^ every where between the equator and the arctic circle. 
At the equator, the days and nights will be equal, and between 
the etjuator and the south polar circle, the nights will be longer 
than the days, in the same proportion as the days are longer 
than the nights, from the equator to the arctic circle. 

187. The Sun alicaf/s Shines on 180 Der/rees of the Earth— 
It will he observed by a careful perusal of the above explana- 
tion of the seasons, and a close inspection of the figure by which 
it is illustrated, that the Sun constantly shines on a portion of 
the Kartli equal to 90 degrees north, and 90 degrees south, 
from his place in the heavens, and consequently, that he always 
fnlii;ht<'ns 1^0 d<'irr.'t's, or one half of the Earth. If, therefore, 
the axi"< of the Karlh were per]>endieular to the plane of it3 
orbit, tli(? days and nij^hts would every where be equal, for as 
the Kartli pertbnns its diurnal revolutions, there would be 12 
lioui-s (lay. and 12 liours niirht. ]>ut since the inchnation of its 
axis is i>;*^J ib'i^nM's, the liirht of the Sun is thrown 23-J- degrees 
furtb<T in that direction, when the north y^\q is tunied toward 
tli<' Sun, than it would, had the Karth's axis no inchnation. 
Now, as tin* Sun's liij^ht rc^aclies only 90 degrees north or south 
ot' Ills plac<* in the heavens, so when the arctic circle is enligLt- 
oncd, th(^ antarctic circle must be in the dark; for if the light 
n achi's 'JM-J- deij^recs Ix^yond the north pole, it must fall 23iS-de- 
ijre«'S short of the south j)ole. ^ 

IHK. As the Earth travels round the Sun, in his yearly cir- 
cuit, this inclination of the poles is alternately towfird and from 



1H.». At wlj.it Ronson Ih the wliole antarctic circle in the dark 7 While the people 
fjonr till' iiDrfli i><)l«; enjoy porix'tunl day, what is the situation ofthose near the south 
IKile \ l.s(i. At wliat Ht'uHon will tJie days be longer than the nights every where be- 
jwi-eii the equator and the arctic circle"? 187. How many degrees do«8 th« Bun'i 
•igiU reach, north and aouth of him, on the EUurthI 
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him. During our "Winter, the north polar region is thrown be- 
yond the rays of the Sun, while a corresponding portion around 
the south pole enjoys the Sun's light. And thus, at the poles, 
there are alternately six months of darkness and Winter, and 
six months of sunshine and Summer. 

189. While we, in the northern hemisphere, are chilled by 
the cold blasts of Winter, the inhabitants of the southern hem- 
isphere are enjoying all the delights of Summer; and while 
we are scorched by the rays of a vertical Sun in June and July, 
our southern neighbors are shivering with the rigors of mid- 
Winter. 

190. At the equator, no such changes take place. The rays 
of the Sun, as the Earth passes round him, are vertical twice a 
year at every place between the tropics. Hence, at the equator, 
there are two Summers and no Winter, and as the Sun there 
constantly shines on the same half of the Earth in succession, 
the days and nights are always equal, there being 12 hours of 
light and 12 of darkness. 

191. Velocity of the Earth. — The motion of the Earth 
round the Sun, is at the rate of 68,000 miles in an hour, while 
its motion on its own axis, at the ettiator, is at the rate of about 
1,042 miles in the hour. The equator being that part of the 
Earth most distant from its axis, the motion there is more rapid 
than toward the poles, in proportion to its greater distance from 
the axis of motion. 

192. The method of ascertaining the velocity of the Earth's 
motion, both in its orbit and round its axis, is simple and easily 
understood ; for by knowing the diameter of the Earth's orbit, 
its circumference is readily found, and as we know how long it 
takes the Earth to perform her yearly circuit, we have only to 
calculate what part of her journey she goes through in an hour. 
By the same principle, the hourly rotation of the Earth is as 
readily ascertained. 

193. We are insensible to these motions, because not only 
the Earth, but the atmosphere, and all terrestrial things, partake 
of the same motion, and there is no change in the relation of 
objects in consequence of it. , 



188. During our Winter, is the north pole turned to or from the Sun ? At tht 
poles, how many days and nights are there in the year 1 189. When it is Winter in 
the northern hemisphere, what is the season in the southern hemisphere 1 190. At 
what rate does the Earth move around the Sun 1 What are the seasons at the equa- 
tor? 191. How fast does it move around its axis at the equator? 192. How is the 
velocity of the Earth ascertained 1 193 Why are we insensible of the Earth's 
motion 1 



IM. We bave ten tiktttdM Birth MPrimtona-Oe Bull 

ttd^iCiGdorfait,orwliMkdie8nkaMflrtefKa,»d«» | 
eeqiiciilly that ibe Bwih h aewBi Vm,mcmfnidhao^ U 
thaa in aDother. Rem the gaaet iliBi e V M n i we t a tfrnrnmh' ■ 
(ween the heeft of Sqauner and tfaaiof Wiafar,mifaorilte 
led to tnppoie thai the Earth moat be nraflh aearar Ob ta h 
tbe hot leaKMi tban in the eold. Baft wheB«eeoaie%>iM|nt 
into tbii rabjeoti and to aMertam die dirtaaoe ef the Son «t tt 
ferentioaiopa of the year, we find thai the great aoBiee of hi* 
and light n nearart na dnring the eold ef Winter, and «t fli 
greatett diitanee duing the heat of SnmnMr. 

195. It b« been explained, nnder the article <^<m^ W 
that tbe angle of vinon dflfwnda m Am diifauiee at vliik a 
body ofgiTWidimennoiisiBaeeiL Now, on meaaofingAr* 
ffubur dimeDfliona of tbe Son, with acc urat e inatninMBli^ii'- 
ferent seasons of tbe year, it bat been fennd that hfa JiiiiiiMiWi 
increase and diminisb, and tbat theae variatioiia e uii es p eadq- 
actly with the supposition that the Earth movea hi an dEpM 
orbit. 

106. li, for instance, 9k a^^parent diameter be tabeah 
March, and then again in July, it will be found to baTe dimm- 
ished, which diminution is only to be accounted for, by suppoi- 
ing that he is at a greater distance from the observer in Jolf 
than in March. From July, his angular diameter gradually in- 
creases, till January, when it again diminisbes, and continues to 
diminish, until July. By many observations, it is found, thst 
the greatest apparent diameter of the Sun, and therefore lus 
least distance from us, is in January, and his least diameter,aiid 
therefore his greatest distance, is in July. 

107. The actual difference is about three millions of vaSS»t 
the Sun being that distance further from the Earth in July thta 
in January. This, however, is only about one-sixtieth of Ui 
mean distance from us, and the difference we should experioies 
in his heat, in consequence of this difference of distanoe^ 
will therefore be very small. Perhaps the effect of his prosE- 
iinity to the Earth may diminish, in some small degree, tfas 
severity of Winter. 

194. At what season of the Tear is the Sun at the greatest, and at what asMOO tkt 
least distance from tbe Earth f 195. How is it ascertained that the Earth moTss ia 
»n elliptical orbit, by the appearance of the Sun t 196. Wlien does the Sun a|>pear 
Under the irreatest apparent diameter, and when under the least 1 197. How mudi 
•urther Is the Sun from us in July tlian in January 1 What eflieot doec this d lH taw a c t 
produM on the Earth 1 
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198. Temperature of Summer and Winter. — The heat *rf 
Summer, and the cold of Winter, must tierefore ariae from th%- 
difference in the meridian altitude of the Sun, and in the tim« 
of his continuance above the horizon. In Summer, the solu 
mp fall on the E^arth, in DeaH;^ a perpendicular direction, and 
Li^ powerful heat is then constantly accumulated by the long 
daja and short nij^lits of the season. 

199. In Winter, on the contrary, the solar raja fall bo ob- 
Kqueiy on the Earth, as to produce little warmth, and the small 
effect they do produce during the short days of that season, is 
almost entirely destroyed by the long nights wliich succeed 
Tlie difference between the effects of perpendicular and oblique 
rays, seeuq^ to depend, in a great measure, on the different ex- 
tent of sunaca over which they are spread. 

200. When the rays of the Sun are made to pass through *. 
convex lens, the heat is increased, because tiie number of raya 
which naturally cover a large surface, are then rondo to cover a 
imaller one, so that the power of the glass depends on the num- 
ber of raya thus brought to a focus. If, on tlie contrary, the 
rays of the Suu are suffered to pass through a concave lens, 
their natural heating power is diminished, because they 
persed, or spread over i " 

201. Sammer and 
Winter Rays. — Now 
to apply these differ- 
ent efieets to the Sum- 
mer and Winter rays 
of the Sun, let us sup- 
pose that the rays fall- 
mg perpendicularly on 
a given extent of sur- 
face, impart to it a 
certain degree of heat, 
liiea it is obvious, thai 
if the same number of 
tays he spread over 
twice that extent of 
BUrfaco, their heating 
power would be di- 
minished in propor- 
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lion, and that only half the heat would be imparted. Tlus is 
the effect prtxluood by the Sun's ray's in the Winter. They 
fiill so (>bli<)U(*ly on the Earth, as to occupy nearly double the 
spaiv that the siinio nninl»er of rays do in the Summer. 

Ill is is ilhii^tRitiHl by Fiy, 250, where the number of rays, 

>>oth in Wiut(*r and Summer, are supposed to be the same. 

1*11 1, it will 1k> ol»sorved, that the Winter rays, owing to their 

bUi|U<' direction, are spread over nearly twice as much surface 

.■V* tl»«)^» of Summer. 

*J0*2. It may, liuwevor, be remarked, that the hottest season 
IS lint usually <'it the exact time of the year, when the Suois 
mo>t viTtical, and the days tlie longest, as is the case toward the 
end of Juno, but some time afterwanl, as in July aiyi August 

'203. To account for this, it must be remembered, that when 
the Sun is nearly vertical, the Earth accumulates more heat by 
day than it gives out at night, and tliat this aceumidatioD con- 
tiiiues to increase nftt»r the days begin to shorten, and, conse- 
quently, the greate.«*t elevation of temperature is some time after 
the longest days. For the same reason, the thermometer gen- 
erally indicates the greatest degree of heat at two or tliree 
o'clock on each day, and not at twelve o'clock, when the Sun's 
rays are most powerful. 



FIGCRE OF TUB EARTH. 



204. Astronomers have proved that all the planets, together 
with tln'ir sat<*llites, have the shape of the sphere, or globe, and 
honco, by analogy, there was every reason to suppose that the 
Earth would be found of the same shape; and several phe- 
nomena tend to ]>rovo, beyond all doubt, that this is its form. 
The fiiifure of the I'liirth is not, however, exactly that of a globe, 
or ball, because its diameter is about 34 miles less from pole to 
]>ole, than it is at the equator. But that its general figure is 
that of a sphere, or ball, is proved by many circumstances. 

205. AVhen one is at sea, or standing on the sea-shore, the 
iirst part of a ship seen at a distance, is its mast. As the vessel 
Advances, the mast rises higher and higher above the horizon, 
and finally the hull, and whole ship, become visible. Now, 
were the Earth's surface an exact plane, no such appearance 



201. How is the actual differeuce of the Summer and Winter rays shown? 208 
Why is not the hottest season of the year at the period when the days are longest, 
and the Sun most vertical 1 203. How is this accounted for ? 204. What is the gen- 
eral figure of the Earth 1 llow much less is the diameter of the Earth at the poles 
than at the equator 1 205. How is the convexity of the Earth proved, by the ap 



Oroaeh of a ship at sea 1 Explain Fig. 251. 




would take place, for we should then see the hull long befbn 
the mast or rigging, because it is much the largest object 

It will be plan by Fig. 251, that were the ship, A, elevataJ 
so that the hull ehould be on a horizontAl lino with the eye, A{ ' 
whole ship would be visible, instead of the topmasb there beiiu~ 
no reason, except tlie convexity of the earth, why the whol 
ship should not be visible at A, as well as at B. 

200. We know, for the same reason, that in passing over It 
hill, the tops of the trees are seen, before we can discover ths 
ground on which they stand ; and that when a man approaches 
from the opposite side of a hill, liis head is seen before his feet. 

It is a well known fact also, that navi^tora have set out from 
a particular port, and by saihng continually westward, have 
passed aronod the Earth, and again reached the port from which 
they sailed. This could necer happen, were the Earth an ex- 
tended plain, since then the longer the navigator sailed in one 
direction, the further he would be from home. 

Another proof of the spheroidal form of the Earth, is tho 
figure of its shadow on the Moon, during eclipses, which shadow 
is always bounded by a cireular line. 

These circumstnncea prove beyond all doubt, that the form of ' 
l^e Earth is globular, but that it is not an exact sphere ; and j 
that it is depressed or flattened at the poles, is shown by the 
diflerence in the lengths of pendulums vibrating seconds at the 
poles, and at the equator. 

207. The compression of the Earth at the poles, and the 
oonsequent accumulation of matter at the equator, la considered 
the effect of its diurnal revolution, while it was in a soft or 
plastic state. If a ball of soft clay, or putty, be made to revolve 

906, WliU DltaEr prDDfi of Ihe globotiir abiipt of lbs Esnh ire menllonid 1 SOT. 
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npidlr, tr means </ a stick pMHBf^ duoi^ its oait&\ as n 
mns, it will swell oat in tiie middlev or equator, and le de- 
pressed at iht poie»« assonuBetlie pffedbe figure oif the Eulh- 

203. Cfmtri/u^l /orcr.— ^Iie effects of centrifogal force an 
Terr satkfactorilj illustrated in ihe following manner : — 

Two hoops of thin 
iroc are placed ujon 
an axi5 which passes 
throogh their poleSy as 
shown by Fi^. 252. 
The two poles of each 
hoop cross each other 
at right-angles, and 
are fastened together, 
and to the axis at the 
bottom. At^the up- 
per end thej slide up 
and down on the axis, 
which is turned rap- 
idly by wheel-work as 
represented. These 
hoops, before the mo- 
tion Ix-gins, have an 
oval form, but when 
turnf'd rapidly, the 
c<intrifugal force occa- 
sions them to expand, 
or swell at the equator, while they are depressed at the poles, the 
two ixAsLT regions becoming no more distant than A and B. 

209. The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer the 
cent<;r of the Earth than the equator, but because the centrifu- 
gal force there tends to lessen its graWty. The wheels of ma- 
cliincH, which revolve with the greatest rapidity, are made in 
th(i Btrongest manner, otherwise they will fly in pieces, the cen- 
trifugal force not only overcoming the gravity, but the cohesion 
of their parts. 

210. It has been found, by calculation, that if the Earth 
lunuid over once in 84 minutes and 43 seconds, the centrifugal 

jrw, Rxplnin Fig. 2W2, nnrl iibow how It illuptrates the form of the earth. 209. What 
i;;«> nniM^^ ri-iulrr thr wc-lghiii of bodies less at tlie equator than at the poles 1 210. 
^' Woulil bn the con!*f(|m>nce on the weights of bodies at the equator, did th« 
■ iiirii (iviT (Hire In HI minutes and 43 seconds 1 




Depres9ums tf tJke Polem. 



BOLAR AND BIDZBIAL TIME. 

force at tbe eijuator would be cqaal to Uie power of gravity 
there, and that bodies would entirely lose tlieir weight. If the 
Earth revolved more mj>idly thaa this, all the buildings, rocks, 
mountains, aod men. a.t tbe equator, would not only lose their 
weight, but would fly away, and leave the Earth, aa the water 
does from a revol\'iug griadstone. 



211. Tbe stars appear to go round the Earth m 23 hottw^ 
56 minutes, and 4 seconds, wbile the Sun appears to perforni 
tlic same re\'ulutioD in 24 hour^, so that the stars gain 3 minut^ 
and 56 seconds upon the Sun every day. In a year, this 
amounta to a day, or to the time taken by the Elarth to per- 
form one diurnal revolution. It therefore happens, that when 
time is measured by the stars, there are 366 days in the year, 
or 3S6 dinrnal revolutions of the Earth ; while, if measured hj 
the Sun fi'om one meiidian to another, there are on^y 3flB 
whole days in the year. The former are called the sideriaf, 
and the latter solar days. * 

212. If tbe Earth had only a diurnal motion, her revolutiiM^ 
in respect to the Sun, would coincide exactly with the same 
revolution in renpect to the stars ; but while she is making ona' 
revolution on her axis toward the east, she advances in tha 
same direction about one degree in her orbit, so that to bring 
the same meridian toward the Sun, she must make a little more 
than one entire revolution. 

213. Thus, the Earth must complete one revolution, and it 
portion of a second revolution, equal to the space ate baa adr 
vanoed in her orbit, in order to bring the same meridian back 
ag«n to the Sun. This small portion of a second revolution 
amounts daily to the 366th part of her circumference, 
therefore, at the end of the vear, to one entire rotation, 
hence, in 365 days, the Enrtn actually turns on her axis 36tft' 
times. Thus, as one complete rotation forms a siderial day^f 
there must, in the year, be one siderial, more than there are ■ 
Bolar days, one rotation of the Elarth, with respect to the Suu-f ■ 
being lost, by the Earth's yearly revolution. The same loss of" 
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a daj k^pens to a trsTeler, w!k\ in pssBZ]^ round the Earth 
to the w€£t, reckoDft lus time bj tlie nstog and setting of the 
Sun. If he passes round towiini tlie east, lie wiU gain a day 
for the same reason. 
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214. As the motion of the Earth about its axis is peHectlj 
unifurm, the siderial d:ivs are exactly of the same length, in sJl 
parts of tlie year. But as the orbit of the Earth, or the appa- 
rent p.'ith of the San. is inclined to the Elarth's axis, and as the 
Earth moves with differect velocities in difl&rent parts of its 
orbit, the f^jlar, or natural days, are sometimes greater and 
sometimes Itfss than 24 hours, as shown by an accurate dock. 
The consequence is, that a true sun-dial, or noon mark, and t 
true time-piece, a^ree with each other only ^ few times in a 
year. The diff:^rence between the sun-duJ and clock, thus 
shown, is called the equation of time, 

215. The ditf«*rence between the Sun and a well regnilat^d 
clock, thus aris<s from two causes, the inclination of the Earth's 
axis to the ecliptic, and the elliptical form of the Earth's orbit. 

Tliat the Earth moves in an ellipse^ and that its motion is 
more rajjid som^'times than at others, as wvll as that the Earth's 
axis is inclined to the ecliptic, have already been explained and 
illuslratod. It remains, therefore, to show how these two com- 
bined caiisos, the elliptical form of the orbit, and the inclination 
of the axis, produce the disagreement between the Sun and 
clock. 



MEAN TIME. 



210. Equals or mean time, is that which is reckoned by a 
dock, Hupjjosed to indicate exactly 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. Apparent time, i» 
that which is measured by the apparent motion of the Sun in 
th(^ luavcns, as indicated by a meridian hue, or sun-dial. 

217. Were the Earth's orbit a perfect circle, and her axis 
perpendicular to the plane of this orbit, the days would be of a 
uiiilonn h^n^th, and there would be no difference between the 
<'l<H'k mid tho ^ un ; both would indicate 12 o'clock at the same 



hiMi *^Y]iy '**"" ^^^ Rolar cloys Boraetlmes greater, and sometimes less, than M 
^Jirpi 7 WJinl Ih the dinrrrenrebff ween the time of a sun-dial aiKi cl( 
an ■ 

,»>: ^ 

■ P«n>oi)(llculnr to lt> plane, what would be the effect on t'me 1 



ViuLl ' " "i"' '" '"" "'"Tenre dm ween the time oi a sun-diai aii(J clock called ? 2ir>. 
liiiiii.V "••' <•"""«•« «»f the diflTereiice between the Sun and clock. 216. What is 
II.1. i'ii ^ *''l""'» "»• ""*»»" "»"«'» 217. Were the Earth's orbit a perfect circle, and 
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time, on every day in the year. But on account of the inclina- 
tion of the Earth's axis to the ecliptic, unequal portions of th« 
Sun's apparent path through the heavens will pass any meridian 
in equal times. 

21^. Thus the elliptical form of the Earth's orbit, her unequal 
motions and the inclination of her axis, would prevent the 
agreement of the Sun and clock, except when the Earth is at 
the greatest distance from the Sun, which is on the 1st of July, 
and when she is at the least distance, which is on the 1st of 
January. From these causes the Sun would be faster than the 
clock, from the 1st of July to the* 1st of January, and then 
slower than the clock, fi*om the 1st of January to the 1st of 
July. 

Now these two causes, which result from sources which can 
not be here explained, counteract each other, so that the Sun 
and clock agree only when they coincide, or balance each other, 
which takes place, on, or about the 15th of April, the 15th of 
June, the 31st of August and the 24th of December. 

On these days the Sun and clock, keeping exact time, coin- 
cide, or as the Almanac says, are even. 

219. The greatest differences between the Sun and clock, are 
on the 1st of November, when the clock is 16^1^ minutes too 
^t, and on the 10th of February, when it is 14 minutes too 
slow. 

THE MOON. 

220. While the Earth revolves round the Sun, the Moon 
revolves round the Earth, completing her revolution once in 27 
days J 7 hours and 43 minutes, and at the distance of 240,000 
miles from the Earth. The period of the Moon^s change, that 
is J from new Moon to new Moon again, is 29 days, 12 hours, 
and 44 minutes, 

221. The time of the Moon's revolution round the Earth is 
called her periodical month ; and the time from change to 
change is called her synodical month. If the Earth had no an- 
nual motion, these two periods would be equal, but because the 
Earth goes forward in her orbit, while the Moon goes round 
the Earth, the Moon must go as much further, from change to 
change, to make these periods equal, as the Earth goes forward 

219. What prevents the a^eement of the Sun and clock? When do the San and 
clock aeree 1 219. When do thev differ most 1 220. What is the period of the Moon's 
revolution round the Earth I ^Vhat is the period from new Moon to new Moon 
■gain 1 221. What are these two periods called 1 Why are uot tt* periodical aixl 
synodical months equal 1 
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durr.^ :L*: liru^, wLi-h is cr-r? ihaa the twelfth part of hef 
L-rb:-^ tWr Uir.j mor»? ihan tirtlre laiiar periods in the Tear. 
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orbii, iii*:re >.-:r.^ ikop? i::kaii iwt-re ^anar per 

^22. Jllatiraticm by tht Hand* of a iTatch. — ^These two 
p*:vi/.u:i..r> mav l^ !;ir.::I:ar> :ll:x<a:a:ed bv ihe modoDsof the 
hour and ixiinute Lands c*! a vatch. Lei ns suppose the 12 
Incurs marked on iL-r dial i ia:e of a watch to represent the 12 
si^is *j{ the z-iiiao thrjujrh wLieh the Sun seems to paBsinlm 
y-ariy r-^-jluiion, while the hour haiid of the watch representB 
ill*.* >;i!i. aud the minute hand the Mocn. Then, as the boor 
haiid L^^-s around the dial plate once in 12 hours, so the Son 
ajtparviiTly px-s around the zodiac once in tw^ve months; and 
as the minute hand ni:\kes 12 revolutions to one of the hoar 
hand, so tlir; M«X)n makes 12 revolutions to one of the Son. 
But the M<x;n, or minute hand, must go more than once roond, 
from aiiv ] oint on the circl*^. where it last came in conjunctioD 
with til- Sun. or hour hand, to overtake it again, since the hour 
hand will have moved f-jrward of the place where it was last 
overt ak on, and consequently the next conjunction must he fw- 
ward of tlio phue where th^ last happened. Durinor an how, 
tho hour hand d-.-scribes the twelfth part of the circle, but the 
minute hand has not only to go round the whole circle in an 
hour, but also such a portion of it as tHe hour hand has moved 
forward since- tlw-y last met. Thus, at 12 o'clock, the hands are 
in conjunction; the n».-xt conjunction is 5 minutes 27 seconds 
past 1 oVKxk; the next, 10 min. 54 sec. past II o'clock; the 
Uiird, 10 niin. 21 soc. j-ast III; the 4th, 21 min. 49 sec. past 
IV ; tli<! 5tli, 27 min. 10 sec. past V ; the (5th, 32 min. 43 sec. 
jiast VI ; tho 7lli, 38 min. 10 sec. past VII ; the 8th, 43 min. 
38 Hcc. p.'i'-t VIII ; the 9th, 49 min. 5 sec. past IX; the 10th, 
64 min. 32 s<'c. ])«'ist X ; and the next conjunction is at XII. 

223. The same i>rinciple is true in respect to the Moon; for 
fiH th<! K.'irth a<lvances in its orbit, it takes the Moon 2 days, 5 
hoin-i* and 1 minute longer to come again in conjunction \vith 
tlu! Sun, than it <loos to make her monthly revolution round 
Mmi M.'irlh ; and tliis 2 days 5 hours and 1 minute being added 
•'«» 27 <ljiys 7 hours and 43 minutes, the time of the periodical 
••«n«*luii()ii, mak<?8 29 days 12 hours and 44 minutes, the period 
<»!' InM- MyniMlJcal n^volution. 

22 I. MV (ftilt/ see one Side of the Moon. — The Moon always 



\ "m "f*" ''"'"' '^" «"''VolntiotiK of the Moon illustrated by the two hands of 8 
"*/'• ' i^i'ii"" ""' """■ "^ ^''Virnl ronjuuctioiis between the two hamls of a 
i»uv ; *J!... tV^ niiirh loiijjiT (locH it lake the Moon to come again in conjunction 
Willi Ml' »'";;' 'V?" "I '''"'»• '"Perform h.r periodical revolution 1 224. How is it 
|ii4««..i .i..f iiin miion makca but one revolution '^n her axis, as she paa5?«»s aroiuid thi 
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r face, toward the Eartli, and hence it 
on her axis but once, while she is per- 
forming one revolation round the Earth, sathat the inhabitants 
of the Moon have but one day and night in the course of a 
lanar mouth. 

225. One half of the Moon ia never in the dark, becai 
when this half ia not enlightened by the San, a strong light 
reflected to her from the Earth, during the San's absenca. 
The other half of the Moon enjoys alternately two weeks of the 
Sun's light, and two weeks of total darkness. 

PaASEa OF iHE Moon. — One of the moat interesting circum- 
stances to us, respecting the Moon, ia the constant changes 
which she undergoes, in her passage around the Earth. When 
she first nppeara, a day or two after her change, we can see 
only a small portjon of her enlightened side, which is in the 
form of a crescent; and at thid time she is commonly called., 
new Moon. From this period she goes on increasing, 
ing more and more of her face, every evening, until at last sb^ 
becomes round, and her face ia fully illuminated. She thi ' 
begins again to decrease, by apparently losing it small seetit 
of her face, and the nexit evening another small section froi 
th( same part, and so on, decreasing a httle every day, until slif 
entirely disappears ; and having been absent a day or two, 
appears in the form of a crescent, or new Moon, as before. 

226. When the Moon disappears, she is said to be in con- 
junction, that is, she is in the same direction from us with the 
Sun. When she is full, she is s^d to be in opposition, that is, 
she ia in that part of the heavens opposite to the Sun, as seen 
by us. 

227. The different appearances of the Moon from nev> iofitll, 
and from full to change, are owing to her presenting different 
portions of her enlightened surface toward us at different tjmes. 
These appearances are called phases of the Moon, and are easily 
accounted for, and understood by the following figure. 

228. Let S, Fiff. 263, he the Sun, E the Earth, and A, B, 0, 
D, F, the Moon in different parts of her orbit. Now when ti 
Moon changes, orb in conjunction with the Sun, as at A,hcrdar. 
side ia turned toward the Earth, and she is invisible, as repre^ 
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Phana cf the Moom, 

sented at a. The Sun always shines on one half of the Mam, 
in every direction, as represented at A and B, on the inner 
circle ; but we at the Karth can see only such portions of the 
enlightened part as are turned toward us. After her chang^i, 
when she has moved from A to B, a small part of' her illumi- 
nated side conies in sight, and she appears horned, as at b, and 
is then called the 7ieiv Moon. When she arrives at C, several 
days afterward, one half of her disc is visible, and she appears 
as at c, her appearance being the same in both circles. At this 
point she is said to be in her Jirst quarter, because she has 
passed through a quarter of her orbit, and is 90 degrees from 
the place of her conjunction with the Sun. At D, she shows us 
still more of her enlightened side, and is then said to appear 
gibbous, as at d. When she comes to F, her whole enHghtened 
side is turned toward the Earth, and she appears in all the 
splendor ofihofall Moon. During the other half of her revo- 
lution she daily shows less and less of her illuminated side, 
until she again becomes invisible by her conjunction with the 
Sun. Thus in passing from her conjunction a, to her full e, the 
Moon appears every day to increase, while in going from her 
full to her conjunction again, she aj^pears to us constantly to 
decrease, but as seen from the Sun, she appeai-s always full. 

229. ^01^; the Earth appears at the Moon. — The earth, seen 
hy the inhabitants of the Moon, exhibits the same phases that 

wS?.; ]il^*'®^'® Raid concerning the phases of the Earth, ^ seen from the Moon J 
' does the Earth appear full at the Moou 1 
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the Moon does to us, but in a contrary order. When the Moon 
18 in her conjunction, and consequently invisible to us, th^ 
Earth appears full to the people of the Moon, and when the 
Moon is full to us, the Earth is dark to them. 

230. The Earth shines upon the Moon. — That the Earth 
chines upon the Moon, as the Moon does upon us, is proved by 
the fact that the outline of her disc may be seen, when only a 
part of it is enlightened by the Sun. Thus whe i the sky is 
clear, and the Moon only two or three days old, t is not un- 
common to see the brilliant new Moon, with her hi^rns enlight- 
ened by the Sun, and at the same time the old Moon faintly 
illuminated by reflection from the Earth. This phenomen(jn is 
sometimes called " the old Moon in the new Moon's arms." 

231. It was a disputed point among former astronomers, 
whether the Moon has an atmosphere ; but the more recent 
discoveries have decided that she has an atmosphere, though 
there is reason to believe that it is much less dens-^ than ours. 

232. Surface of the Moon. — When the Moon's urface is 
examined through a telescope, it is found to be wou.N>rfully 
diversified, for besides the dark spots perceptible to the nnked 
eye, there are seen extensive valleys, and long ridges of highly 
elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than three miles deep, and 
almost exactly circular, appear excavated on the plains. As- 
tronomers have been at vast labor to enumerate, figure, and de- 
scribe the mountains and spots on the surface of the Moon, so 
that the latitude and longitude of about 100 spots have been 
ascertained, and their names, shapes, and relative positions given. 
A still greater number of mountains have been named, and 
their heights and the lengths of their bases detailed. 

233. The deep caverns, and broken appearance of the Moon's 
surface, long since induced astronomers .to believe that such 
effects were produced by volcanoes, and more recent dLscoveries 
have seemed to prove that this suggestion was not without 
foundation. 

ECUP8B8. 

234. Every planet and satellite in the Solar System^ is il^ 
luminated by the Sun^ and hence they cast shadows in the di- 

230. How is it known that the Earth shines upon the Moon, as the Moon does apin 
nsl 231. What is said concerning the Moon's atmosphere? 232. How hieh are 
■ome of the mountains, and how deep the caverns of the Moon ? 233. Whatls said 
concerning the volcanoes •f the Moon) 234. What is a lunar^ aadvhM.Wtn>aB. 
ealipsel 
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reetion oppotiU to Aim, juMi as the shadow cf a man mcka 
from ike Sun. 

235. Eclipses, what. — ^Eclipses are of two kinds, namely 
Lunar, an eclipse of the Mood, and Solar, an eclipse of the 
Sun. The first is occasioned by the shadow of the Earth on 
the Moon, and the second by the shadow of the Moon on the 
Earth. 

Hence, in both cases, the two planets and the Sun must be in 
nearly a s raiglit line with respect to each other. In eclipses 
of the MouD, the Earth is between the Sun and Moon ; and in 
eclifises of the Sun, the Moon is between the Earth and Sun. 

UJICAK ECUPOEO. 

236. When the Moon falls into the shadow of the Ear^ 
the rays of the Sun are intercepted, or hid from her, and sk 
then becomes eclipsed. 

AVhcD uie Earth's shadow covers only a part of her face, as 
seen b" iis, she suffers ouly a partial eclipse, one part of her 
disc being obscured, while the other part reflects the Sun's light 
But when her whole surface is obscured by the Earth's shadow, 
she then suffers a total eclipse, and of a duration proportionatA 
to the distance she passes tnrough the Earth's shadow. 

FIG. 251 




Eclipse of the Moon. 

237. Fig. 254 represents a total lunar eclipse; the Mood 
being in the midst of the Earth's shadow. Now it will bo ap- 
parent that in the situation of the Sun, Eaith, and Moon, as 
represented in the figure, this eclipse will be visible from all 
parts of that hemisphere of the Earth which is next the Moon, 
and that the Moon's disc will be equally obscured, from what- 
ever point it is seen. When the moon passes through only n 



235. What occasions the lunar, and what the solar eclipse? 236. What is meanl 
oy a partial, and what by a total eclipse 1 237. Why is the same eclipse total at oni 
PWM, and only partial at another 1 
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part of the Earth's shadow, then she suffers odIj a partial 
ech'pse, hut this is also visible from the whole hemisphere next 
the Moon. It will be remembered that lunar eclipses happen 
only at full Moon, the Sun and Moon being in opposition, and 
the Earth between them. 

SOLAR ECLIPSES. 

238. When the Moon passes between the Earth and Suu^ 
there happens an eclipse of the Sun, because then the Moon^i 
shadow falls upon the Earth, 

239. A total eclipse of the Sun happens often, but when it 
occurs, the totil obscurity is confined to a small part of the 
Earth ; since the dark portion of the Moon's shadow never ex- 
ceeds 200 miles in diameter on the Earth. But the Moon's 
partial shadow, or penumbra^ may cover a space on the Earth 
of more than 4,000 miles in diameter, within all which space 
the Sun will be more or less eclipsed. When the penumbra 
first touches the Earth, the eclipse begins at that place, and 
ends when the penumbra leaves it. But the eclipse will be 
total only where the dark shadow of the Moon touches the 
Earth. 

FIG. 266. 




Edipae of the Sun, 

Fig. 255, represents an eclipse of the Sun, without regard to 
the penumbra, that it may be observed how small a part of the 
EarUi the dark shadow of the Moon covers. To those who 
live within the limits of this shadow, the eclipse will be total, 
while to those who live in any direction around it, and within 
reach of the penumbra, it will be only partial. 

240. Solar eclipses are called annular, from annulus, a ring, 

. I — • — ' - - — ^^ 

238. Why is a total eclipse of the Sun confined to so small a part of the Earth 1 
839. What is meant by penumbra? What will be the difference m the asi>ect of the 
eclipse, whether the observer stands within the dark shadow, or only within the pe- 
numbra 1 240. What is meant by annular eclipses 1 Are annular ecfipses ever to'iil 
in any part of the Earth? In annular eclipses, what part of the Muou't sha&Vvw 
reaobM the Earth I 



9f9 

wh<Q the Moon panes woobb the ecsfier dii die Son. kiding afl 
his light with th< exce^'don of a lin^ oa hs ov&er edg^j whidi 
the Moon is too small to coTer from the postioQ in which it ii 
seen. 

241. Vmhra and Penvmbra, — A solar eeEpse. with the /w- 
numhray or liirht and ^hailow, D C, and the maiirrtf or dsik 
shadow, O, U s#^n in /T'j. 256. 

%\lieD the Moon is at its greatest ^stance finom the Esith, its 
shadow M O, Mmetimes terminates before it reaches the Earth, 
and th«;n an obsen-er standing directlj mider the point O, will 
fee the outer edge of the Sna, forming a bright ring around the 
drcamferenoe of the Moon, thus forming an (outmhir edipse. 




Umbra and Penumbra. 



The ponumbra D C, is only a partial interception of the Sun's 
rays, and in annular r-clipsps it is this partial shadow only which 
r^ac.hofl the Pwirtli, while the umbra, or dark shadow, terminates 
in the air. Hence annular eclipses are never total in any part 
of the Earth. The penumbra, as already stated, may cover 
mon^ than 4,000 miles of space, while the umbra never covers 
more than 200 miles in diameter; hence partial eclipses of the 
Sun tn.'iy Ix^ sn^'U by a vast number of inhabitants, while com- 
pnnitiv<'ly f 'w will witness the total eclipse. 

212. Wln'u there haj»]>c'ns a total solar eclipse to us, we are 
eclipsed to the Moon, and when the Moon is eclipsed to us, an 
eclipse of the Sun ha])pens to the Moon. To the Moon, an 
eclipHc of the Karth can never be total, since her shadow covers 
ouly M Hmall portion of the Earth's surface. Such an eclipse, 
thiMclun', iit the Moon, appears only as a dark spot on the face 
of tie- l<!Mrtli ; but when the Moon is eclipsed to us, the Sun is 
pMtii/ilIy eclipsed to the Moon for several hours longer than the 
Moon is eclips<Ml to us. 



.IMl. Whni (Id prniimhrn, «n<l umbra, mean? Q42. What is said concerninff eelipMf 
'»• Karlh, At* i»r«u Iroin rtie Mooul 
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243. The ebbing and flowing of the sea, which regularly 
takes place twice in 24 hours, are called the tides, 

244. The cause of the tides, is the attraction of the Sun and 
Moon, hut chiefly of the Moon, on the waters of the ocean. In 
virtue of the universal principle of gravitation, heretofore ex- 

ined, the Moon, by her attraction, draws, or raises the water 

rd her, but because the power of attraction diminishes as 

squares of the distances increase, the waters, on the oppo- 

8il;e side of the Earth, are not so much attracted as they are on 

the side nearest the Moon. 

245. The want of attraction, together with the greater cen- 
trifugal force of the Earth on its opposite side, produced in con- 
sequence of its greater distance from the common center of 
(gravity, between the Earth and Moon, causes the waters to rise 
on the opposite side, at the same time that they are raised by 
direct attraction on the side nearest the Moon, 

Thus the waters are constantly elevated on the sides of the 
Earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

FIG. 257. 





lOustnUion of the Tides. 



246. Let M, Fig. 257, be the Moon, and E the Earth, covered 
with water. As the Moon passes round the Earth, its solid 
and fluid parts are equally attracted by her influence according 
to their densities ; but while the solid parts are at liberty to 
move only as a whole, the water obeys the slightest impulse, 
and thus tends toward the Moon where her attraction is the 
strongest. Consequently, the waters are perpetually elevated 
immediately *nder the Moon. 

247. If, therefore, the Earth stood still, the influence of the 

943. What are the tides ? 244. "What is the cause of the tides 1 245. What causei 
the tide to rii>e on the side of the Earth opposite to the Moon ? 246. Explain Fig:. 2S7. 
217. If the Earth stood still, the tides would rise only aa ltv« ^oou '^waBs^T^xxfii^^QcA 
Earth ; what then causes tne tides to rise twiee in 24 Yiowra*^ 



Mboa't attndion voidd nba Ik tUat odf m As pM8d n^ 

nd aitbewiten aettwfcflM Moos, m «t JL, an iMMtirtj 
derated* thej win, in tbemmaor S4 ]m«i% nova roaad tin 
nbole Ettih, and connqiieBtlj hom Urn eaaaa dMaa viB te 
hil^ water aft ererj ^aoa oooa in M iKMDa. Aa Iha Janfi oa 
of the watm nnder tha Moon caoMi Oflir da|inaBaa aft 90 d»- 
gmi dietanee on the mMwta adea of tha BbIIi, D and Ci Ob 
point C will coma to the aama pheo^ bgr tha Sartfali diannl 
rarolation, u houa after tba point A, baoaawC iiOM qnnlar 
of the drcomlereDca of the Euth from the point A, and Hwa- 
fore, Uiere will be low water aft may g^ven pinoe aiz liouia dbm 
it was high water at that plaee. 

248. Bat while it it high water nnder die Moon, in coma- 
qoenee of h^ direct attramn, it it alao h^ water on tte op- 
posite side of the Earth in consequence of her iKwiimJ-J 
attractioii, and the Earth's centrifogal motion, and tlierefeie it 
will be high water from this canse twelve honiB after it was hi^ 
water from the former canse, and six hoars after it was low 
water from both canses. 

249. But while the Earth tarns on het axis, the Moon 
advances in her orbit, and oonseqaently any given pmnt on the 
Earth will not come under the Moon on one day so soon as it 
did on the day before. For this reason, high or low water at 
any place comes about fifty minutes later on one day than it 
did the day before. 

Thus far we have considered no other attractive influence ex- 
cept that of the Moon, as affecting the waters of the ocesn. 
But the Sun, as already observed, has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the Moon. 

250. When the Sun and Moon are in conjunction, as repre- 
sented in Fig, 257, which takes place at her change, or when 
they are in opposition, which takes place at fiiU Moon, then 
their forces are united, or act on the waters in the same direc- 
tion, and consequently the tides are elevated higher than usual, 
and on this account are called spring tides, 

261. UTeap Tides. — But when the Moon is in her quadra- 
tores, or quarters, the attraction of the Sun tends to counteract 



1,7^**^ It !■ high wftter under the Moon by her attraction, what is the came of 

?.^ on th« oppoalte side of the Earth, at the raroe timet 249. l^liy are the 

any minutes latsr every dayl 260; What produces Bpr\ag tides! 

\x^ JiooD bf In respect to the Bun, to «>roduce spriag ides? SR. 

^o««utoiiofn*tptidsrr 
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that of the Mooni and although his attraction does not elevate 
the wolera and produce tides, his influence diminiBhes that of 
tlje Moon, and oonaequeatly the elevation of the waters are law 
when the Sun and Moon are so situated in resjieet to each other, 
thaa when they are in conjunction or opposition. 

This effect is represented hy Fig. 258, where the elevatiou 
of the tides at and D is produced by the causes already ejc- 
plained ; bat their elevation is not so great as in Fig. 257, since 
the influence of the Sun acting in the direction A B, l*uda to 
counteract the Moon's attractive influence. These small tides 
are called neap tides, and happen only when the Moon is in her 
quadraturea. 



ate ■ 




Small, or firap Tidii, 

The tides are not at their greatest heights at the time when 
the Moon is at its meridian, but some time afterward, because 
-, having a motion forward, conlinues to advance by its 
' " « of the Moon , 



262. Latitude ia the distance from the equator in a dir* 
line, norlk or south, nieaiured in degrees and minutes. 

The number of degrees is 00 north, and as many south, e 
line on which these degrees are reckoned running from 
equator to the poles. Pincca at the north of the equator are U 
north latitude, and those south of the equator are in south ^ 
itwie. The parallelt of latitude are imaginary lines drawl 
parallel to the equator, either north or south, and hence every j 
place situated on the same parallel, is in the same latitude be- 
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cause every sucli place must be at the samei 
sqmitor. The length of a degree of latitude ie 

253. Lotigitude w the distance measured in dtgren and min- 
ute*, eitiur east or west, from, any given point on, Ike equator, or 
an any parallel of latitude. Hence the Unea, or meridians of 
longitude, cross those of latitude at righl-augles. The degiees 
of longitude are 180 in number, its Bncs extending half a uircle 
to the east, and half a circle to the west, from any given me- 
ridian, BO as to include the whole circumference of the Earth. 
A d^ee of longitude, at the equator, is of the same length aa 

. a degree of latitude, hut as the poles are approached, the de- 
grees of longitude diminish in length, because the Earth grows 
smaller in circninference from the equator toward the poles; 
hence the hues swrrounding it become less and less. This will 
be made obvious by Fig. 259, 

Let this figure represent the "" 

Earth, N being the north pole, 
S the south pole, and E W the 
equator. The hues 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines N a S, N 
b S, die., are meridian lines, or 
those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and 
the eqnator, measured on a me- 
ridian line; thus, x is in lati- 

• tude 40 degrees, because the x 
g part uf the meridian contains 

40 degi'ees. The longitude of a place is the number of degi 
it is situated east or west from any meridian line ; thus, v is 20 
degrees west longitude from x, and x is 20 degrees east longi- 
tude from V. 

254. As the equator divides the Earth into two equal parts, 
or hemispheres, there seems to be a natural reason why the de- 
grees of latitude should be reckoned from this great circle. But 
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fix>m east to west there is no natural division of the Earth, eadi 
meridian line being a great circle, dividing the Earth into two 
hemispheres, and hence there is no natural reason why longi- 
tude should be reckoned from one meridian any more than an- 
other. It has, therefore, been customary for writers and mar- 
iners to reckon longitude from the capital of their own country ; 
as the English from London, the French from Paris, and the 
Americans from Washington. But this mode, it is apparent, 
must occasion much confusion, since each writer of a different 
nation would be obliged to correct the longitude of all other 
countries, to make it agree with his own. More recently, there 
tore, the writers of Europe and America have selected the royal 
observatory, at Greenwich, near London, as the first meridian, 
and on most maps and charts lately published, longitude is 
reckoned from that place. 

255. How Latitude is Found. — The latitude of any place is 
determined by taking the altitude of the Sun at mid-day, and 
then subtracting this from 90 degrees, making proper allow- 
ances for the Sun's place in the heavens. The reason of this 
will be understood, when it is considered that the whole num- 
ber of degrees from the zenith to the horizon is 90, and there- 
fore if we ascertain the Sun*s distance from the horizon, that is, 
his altitude, by allowing for the Sun*s declination north or south 
of the equator, and subtracting this from the whole number, the 
latitude of the place will be found. Thus, suppose that on the 
20th of March, when the Sun is at the equator, his altitude 
from any place north of the equator should be found to be 48 
degrees above the horizon ; this, subtracted from 90, the whole 
number of the degrees of latitude, leaves 42, which will be the 
latitude of the place where the observation was made. 

256. If the Sun, at the time of observation, has a declination 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridian altitude, as the case may 
be. For instance, another observation being taken at the place 
where the latitude was found to be 42, when the Sun had a 
declination of 8 degi'ees north, then his altitude would be 8 de- 
grees greater than before, and therefore 66, instead of 48. 
Now, subtracting this 8, the Sun's declination, from 6^^ and the 
remainder from 90, and the latitude of the place will be found 
42, as before. If the Sun's declination be south of the equator, 



SB5. How is the latitude of a place determined 1 Give an example of the method 
of findiug the latitude of the same place at different seasons of the year 1 256. Whan 
most Che Sun's declination from the equator be added to, and when subtracted ttom^ 
hto mtridian altitude T 



an LAIRUHB AMD IdOHOmiDB. 

tmA the latitude of the place north, hia declination must be 
mldeil to the meridian altitude instead of being subtracted from 
it Tlie »iiiie result may be obtained by taking the meridian 
altitude of any of the fixed stars, whose declinations are known, 
nstoad of the Sun\ and proceeding as above directed. 

257. How Lonffitude is Found. — ^There is more difficnltyin 
ascertaiiiinf)r the dc^^^reef^ of longitude, than those of latitude, 
hecaufto, as aliovu stated, there is no fixed point, like that of the 
equator, from which its dejsjees are reckoned. The degrees of 
luniritiulif are therefore estimated from Greenwich, and areas' 
cerUiiUMi hy tlit' folluwinor methods : — 

258. When the Sun comes to the meridian of any place, it 
is n<x)n, or 1 2 oVlock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and dnee 
Uie Earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time, for 360 degreee 
being divided by 24 hours, will give 15. The Eartli, therdfore, 
moves in her daily revolution, at the rate of 15 degrees for 
every hour of time. Now, as the apparent course of the Sun is 
from oast to west, it is obnous that he will come to any me- 
ridian lying cast of a given place, sooner than to one Ij'ing west 
of that ])lacc, and therefore it will be 12 o'clock to the east of 
any ])lace, sooner than at that place, or to the west of it 

259. When, therefore, it is noon at any one place, it will be 
1 o'clock at all ])laces 15 degrees to the east of it, because the 
Sun wsis at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the Sun has still an hour to travel before 
he reaches the meridian of that place. It makes no difference, 
then, where the observer is placed, since, if it is 12 o'clock 
where he is, it will be 1 o'clock 15 degrees to the east of him, 
and 11 o'clock 15 degrees to the west of him, and so in this 
proportion, let the time be more or less. Now, if any celestial 
phenomenon should happen, such as an eclipse of the Moon, or 
of Ju])iter's satellites, the difference of longitude between two 
places where it is observed, may be determined by the differ- 
ence of the times at which it appeared to take place. Thus, if 
the Moon enters the Earth's shadow at 6 o'clock in the evening, 
as seen at Philadelphia, and at half past 6 o'clock at another 

V^A ^y^f '"there more difficulty In ascertaining the degrees of longitude than of 

•ariliKie 1 ^j8. iiow mnny degrees of longitude does the surface of the Earth |i«fli 

tfr*%V * *1* hour? 269. Suppose it is noon at any given place, what o'clock will 

* "" degrees to the east of that place 7 Explain the reason How may loogl- 

•termlnedbyanoclipsel «- *- ' --• 
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Hi^ilace, then this place is half an hour, or H degrees, to tlie eaetiS 
of Philadelphia, because 7i degrees of longitude are equal to " 
half an hour of time. To apply these ohaervaliona practically, 
it is only necessary lliat it should be known exactly at what 
time the eclipse takes pEace at a given point on the £^h. 

260. Use or thb CHROsoMErEB. — Suppose two chronome- 
ters, which are known to go at exactly the same rate, are made 
to indicate 12 o'clock by the meridian line at Greenwich, and 
the one be taken to sea, while the other remains at Greenwich, 
Then suppose the captain, who takes his chronometer to sea, has 
occasion to know hia longitude. In the first place, be af^cer- 
tains, by an observation of the Sun, when it is 12 o'clock at 
the place where he is, and then by bis time-piece, when it is 
12 oclock at Greenwich, and by allowing 16 degrees for every 
hour of the difference in time, he will know hia predae longi- 
tude in any part of the world. 

261. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, finds 
by observation that it is 1 2 o'clock by the Sun, and at the same 
time finds by hia clironometer, that it is 4 o'clock at Greenwich. 
Then, because it ia noon at his place of obseiTation after it is 
Doon at Greenwich, he knowa that his longitude is west from 
Greenwich, and by allowing 15 degrees for every hour of ibe 
diffiirence, his longitude is ascertained. Thus, 16 degrees, mul- 
tiplied by 4 hours, give 60 degrees of west longitude from 
Greenwich. If it is noon at the place of obseiTation, before it 
IB noon at Greenwich, then the captain knows that hia longitude 
18 east, and his true place ia found in the same manner. 



262. 77ie stars are called Jixed, because they have been bJ- 
geTVfd not to change their places tetlA respect to each D(for. 
They may be distinguished by the naked eye from the planets 
of our system by their scintillations, or twinkling. The stars 
are divided into classes, according to their magnitudes, and are 
called stars of the first, second, and so on to the sixth magni- 
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M,0OO,00O/M)O,00O, or 80 trilliow cf nuhft torn tibs. SffO,! 
Artaiiee to immenie, that fifj^teni not patt limmli Hk ka 
than three yeanu Henee^ wtn flittt tliin anoi^ittd al die 
proMot tiiiMy their fight would eontmiie Id flov towaid «b^ «rf 
thej would tiyetr to bt in the twnt wititioit to w% thiet jtn 
benoe, that they do now. 

265. Our SuD, seen from the distanoe of the neauest fixed 
ttans would appear no laiger than a star of the first magnitiide 
does to us. These stars appear no huger to ns, when the Eu& 
is in that part of her orbit nearest to tiiem, than they do^ wha 
she IS in tlie opposite part of her orbit ; and as onr dntanoe 
from the Sun is 95,000,000 of miles, we must be twice thh 
distance, or the whole diameter of the Earth's orbit, nearer a 

fiven fixed star at one period of the year than at another. TIm 
ifference, therefore, of 190,000,000 of miles, bears so small a 
proportion to the whole distance between us and the fixed stars, 
IIS to make no appreciable difference in their sizes, even when 
asi^Hted by the most powerful telescopes. 

200. The amazing distances of the fixed stars may also he 
inferred from the return of comets to our system, afl»r an ab- 
sence of several hundred years. 

The vclocitjiftwith which some of these bodies move, when 
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nearest the Sun, has been computed at nearly a million of miles 
in an hour, and although their velocities must be perpetually 
retarded, as they recede from the Sun, still, in 250 years of 
time, they must move through a space which to us would be 
infinite. The periodical return of one comet is known to be 
upward of 500 years, making more than 250 years in perform- 
ing its journey to the most remote pai*t of its orbit, and as 
many in returning back to our system ; and that it must still 
always be nearer our system than the fixed stars, is proved by 
its return ; for by the laws of gravitation, did it approach nearer 
another system it would never again return to oura. 

267. From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
hke our Sun, and hence the conclusion that they are Suns to 
other worlds, which move around them, as the planets do around 
our Sun. Their distances will, however, prevent our ever 
knowing, except by conjecture, whether this is the case or not^ 
since, were they millions of times nearer us than they are, we 
should not be able to discover the reflected light of their planeta 

COMETS. 

268. Besides the planets, which move round the Sun in reg- 
ular order and in nearly circular orbits, there belongs to the 
solar system an unknown number of bodies called Comets^ which 
move round the Sun in orbits exceedingly eccentric, or elliptical, 
and whose appearance among our heavenly bodies is only occa- 
sional. Comets, to the naked eye, have no visible disc, but 
shine with a faint, glimmering light, and are accompanied by a 
train or tail, turned from the Sun, and which is sometimes of 
immense length. They appear in every region of the heavens, 
and move in every possible direction. 

269. Number and Periods of Comets. — The number of 
comets is unknown, though some astronomers suppose that 
there are nearly 500 belonging to our system. Ferguson, who 
wrote in about 1760, supposed that there were less than 30 
comets which made us occasional visits ; but since that period 
the elements of the orbits of nearly 100 of these bodies have 
been computed. 

Of these, however, there are only three whose periods of re- 
turn among us are known with any degree of certainty. The 



2S7. On what grounds is it supposed that the fixed stars are sans to other worldi) 
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but of (iMse liM « period 

of 7s years ; the tecond a 

period ol 129 yeitn ; sitd 

die Ulird a poriud of 575 

r«an. Tbe third a)>pear«d 

in 1 680, and Ui«ir«fur« caa 

iiol be expected ngaiii unul 

the year 2225. This 

comet, /"y, 260, in IC80, c— r^i«» 

excited tint roost iDtcaao 

interest among the astronomers of Europe, on acoouDt of iB 

great apparent size and Dear approach to our systeo). In &-t 

most remote part of its orbit, its dtstance ficmi (Le Sun wis » 

liroated at about 1 1,200,000.000 of miles. At it« nearesi ap- 

proath to the Sun, which was only about 50,000 miles, ' 

vcl'«itj-. according to Sit Isaac Newton, was 680,000 mile 

an hour; and supposing it to have retained tfae Sun's beat, 

oUier sohd bodies, its temperature must have been about 2.i 

times that of red hot iron. Tbe tail of this comet was at. If 

100.000,000 of miles long. 

270. In tbe Ediuburgh Encrclopedia, article Astrcmmny. iten 
ia the most complete table of comela yet published. This tabii 
contains tbe elements of DT comeU, calculated by different » 
tronoraers, down to the year 1808, 

From this table it appears that 24 comets have passed be- 
tween the Sun and the orbit of Mercury ; 33 between tbe orbiti 
of Venus and the Earth; 15 between the orbits of the Eant 
and Mars ; 3 between tbe orbits of Mars and Ceres ; and 1 be- 
tween tbe orbits of Ceres and Jupiter. It also appears by lliis 
table tlmt 40 comets have moved round the Sun from west ta 
east, and 48 from east to west, 

271. Nature of Comets. — Of the nature of these wandering 
planets very little is known. When examined by a telescope, 
they appear like a mass of vapors Eurrounding a dark nudeus. 
When the comet is at its perihelion, or nearest the Sun, its coloi 
■eems to be heightened by the intense light or heat of that 
luminary, and it then often shines with more brilliancy than 
the [lUneti. At tliis time the tail or train, which is always 
tlireclly opposite to the Sun, appears at its greatest length, but 
is commonly so transparent Jis to permit the fixed stars to be 
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throagh it A variety of opinions h; 
MtrDBomera conc^roiug tlie nature and causes of these traiiu, 
bat DO BaliB&ctory theory Las been offered. 

A new comet was discovered by Miss Maria Mitchell, 
Han tucket, in October, 1847, for which she received the gold 
of the king of Denmark, offered for the first discovery o^ 
any country. 
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272. Parallax is the difference between the true and apparent 
place of a celestial body. The apparent ]ilace is tbat in which 
tho body seems to be when viewed froBi the surface of the 
Earth, the Irwe place being that in whiih it would appear if 
aeen from the center of the earth. 

This will be understood 
by Fiff, 2fll, where if we 
suppose a spectator placed 
at G, in the Earth's cenf«r, 
he would see the moon E, 
ampngtlie stars at I, whereas 
without changing the posi- 
tion of the moon, if tbat 
body is aeen from A, on the 
Buriace of the Eartli, it 
would appear among the 
tars at K. Now I is the 
true and K the apparent 

Elace of the moon, the space 
etween them, being the 
Moon's parallax. 

The parallax of a body is greatest when on the sensible hor 
izon, {170.) or at the moment when it becomes visible to thfi ' 
oye. From this point it diminishes until it reaches the zenith, 
or the highest place in the heavens, wheu its paraJlai ceasea 
entirely. Thus it will be seen by the figure, that the parallai 
of the moon is less when at D, than it was at E, and that when 
il arrives at the zenith, Z, its position b the same whether seen 
ftom the center of tlie Earth, (J, or from its surface, A. 

The greater the distance of the heavenly body frcm the apeo- 
tator, the less is its parallax. 
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CHAPTER XIII. 

ELECTRICITY. 

276. The science of Electricity^ which now ranks as an im- 
portant branch of Natural Philosophy, is wholly of modem date. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
imagined that it was extensively concerned in the operations of 
nature, or that it pervaded material substances generally. The 
term electricity is derived from electron^ the Greek name of 
amber, because it was known to the ancients, that when that 
substance was rubbed or excited, it attracted or repelled small 
hght bodies, but it was then unknown that other substances 
when excited, would do the same. 

When a piece of glass, sealing-wax, or amber, is rubbed with 
a dryTiand, and held toward small and light l^odies, such as 
threads, hairs, feathers, or straws, these bodies will fly toward 
the surface thus rubbed, and adhere to it for a short time. The 
influence by which these small substances are drawn, is called 
electrical attraction ; the surface having this attractive powei 
is said to be excited ; and the substances susceptible of this ex- 
citation, are called electrics. Substances not having this attrac- 
tive power when rubbed, are called non-electrics, 

277. The principal electrics are amber, resin, sulphur, glass, 
the precious stones, sealing-wax, and the fur of quadrupeds. 
But the metals, and many other bodies, may be excited when 
insulated and treated in a certain manner. 

After the light substances which had been attracted by the 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts in 
B contrary direction, and the light bodies are repelled^ or thrown 
away from the excited surface. Two bodies, also, which have 
been in contact with the excited surface, mutually repel each 
other. 

278. Electroscope. — ^Various modes have been devised for 
exhibiting distinctly the attractive and repulsive agencies of 



276. From what is the term electricity derived 1 What is electrical attraet'.OQ 1 
What are electrics 1 What are non-electrics 1 277. What are the principal eleo- 
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el«ctndtT. azni fc>r ol4aiximg indicsdoDs oT its presoee, vhen it 
exisu croir in a freble degree. InstnuiiexitB for this prnpcneaie 

Ozi': of tie ^:IriJ Ir^t instraments of this kind consists of a me- 
tal] Ur L^r-.-iie, t^rnTiiLaiol at each end by a li^t piih-hall, wlddi 
is o-»v^re»i with lt-U l.-all aad 5ur.pc«i«i horizon tally at its center 
bv a fiLf J- :M, /V'/. '203. AVhen a stick of sealing-wax, or s 
glass tulxr, i« ex'-itoi. and then presented to one of these balls, 
the motion of tl.e n^-dle on its plrot will indicate the ekctrica! 
influence. 

FIG. 2G3. WIQ. 9Bft. 





EleetroKope. Eleetrieml Attraetum. 

279. If an excited substance be brought near a ball made A 
pith, or cork, suspended by a silk thread, the ball will, in the 
first \)\ii('M, ai»i)r<^ach the electric, as at A, Fig. 264, indicaliDg 
an attraction t<»ward it, and if the |-K>sition of the electric will 
allow, the ball will come into contact with the electric, and ad- 
hitra U> it for a short time, and will then recede from it, show- 
iri;r that it is rej'^llud, as at B. If, now, the ball which had 
touched the chctric, l>e brought near another ball, which has 
had no communication with an excited substance, these two 
balln will attract each other, and come into contact ; after which 
tlicy will repel oaeli other, as in the former case. 

It ajijx'ars, Ihcrt.'fore, that the excited body, as the stick of 
Healing wax, imparts a portion of its electricity to the ball, and 
that when the l>all is also electrified, a mutual repulsion then 
tak(;H place l)etwe(^n them. Afterwards, the ball, being electri- 
fied })y contact with the electric, when brought near another 
hull not el(;ctrifi('d, transfers a part of its electrical influence to 
thai, after which these two balls repel each other, as in the 
former iimtancc?. 

iiHO. ThuH, wlien one substance has a greater or less quan- 



.jro vviirii do two »'hrrrm<.(| bmlijts attract, and when do they repel each other! 
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tity of electricity than another, it will attract the other sub- 
stance, and when they^e in contact will impart to it a portion 
of this superabundance ; but when they are both equally eleo- 
trificd, both having more or less than iJieir natural quantity of 
electricity, they will repel each other. 

Electrical Theories. — To account for these phenomena, 
two theories have been advanced, one by Dr. Franklin, who 
supposes there is only one electrical fluid, and the other by 
Du Fay, who supposes that there are two distinct fluids. 

281. FranklirCs Theory, — Dr. Franklin supposed that all 
terrestrial substances were pervaded with the electrical fluid, and 
that by exciting an electric, the equilibrium of this fluid was 
destroyed, so that one part of the excited body contained more 
than its natural quantity of electricity, and the other part less. 
If in this state a conductor of electricity, as a piece of metal, be 
brought near the excited part, the accumulated electricity would 
be imparted to it, and then tiis conductor would receive more 
than its natural quantity of the electric fluid. This he called 
positive electricity. But if a conductor be connected with that 
part which has less than its ordinary share of the fluid, then 
the conductor parts with a share of its own, and therefore will 
then contain less than its natural quantity. This he called 
negative electricity. When one body positively and another 
negatively electrified, are connected by a conducting substance, 
the fluid rushes from the positive to the negative body, and the 
equilibrium is restored. Thus, bodies which are said to be pos- 
itively electrified, contain more than their natural quantity of 
electricity, while those which are negatively electrified, contain 
less than their natural quantity. 

282. Du Fay*s Theory. — ThQ other theory is explained thus. 
When a piece of glass is excited and made to touch a pith-ball, 
as above stated, then that ball will attract another ball, after 
which they will mutually repel each other, and the same will 
happen if a piece of seahng-wax be used instead of the glass. 
But if a piece of excited glass, and another of wax, be made to 
touch two separate balls, they will attract each other ; that is, 
the ball which received its electricity from the wax will attract 
that which received its electricity from the glass, and will be 



281. Explain Dr. Franklin's theory of electricity. What if meant by poeitive, and 
What by negative electricity 1 What is the consequence, when a positive and a neg- 
ative body are connected by a conductbri 282. Explain Du Fay's theory. When 
two bails aire electrified, one with glass and the other with wax, wiU they attract or 
repel each otiier? What are the two electricities called? From what saUtanOM 
are the two electricities obtained) 
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attracted bv it Hence Du Fay oondades that electndty con* 
■ifltA of two distinct fluids, which exist together in all bodies-* 
that thoy have a mutual attraction for each other — that they 
are nrpAratcil by the excitation of electrics, and that when thns 
separatiMl, and transferred to non -electrics, as to the pith-balb, 
their mutual attraction causes the balls to rush toward each 
other. Those two principles he called vitreous and resinoui 
el(»ctricity. The vitreous being obtained from glass, and the 
rcsinouH fmin wax and other resinous substances. 

I)r. Fraiikliirs theory is by far the most simple, and will ac- 
count ftir ninst uf the electrical phenomena equally well with 
tliat of 1 >u Fay, and therefore has been adopted by tlie most 
able and recent fU^ctricians. 

283. It is found tliat some substances conduct the electric 
fluid from a positive to a negative surface with great fecilitr, 
while others conduct it with difficulty, and others not at sSl, 
Sul)stances of the first kind are called conductors, and those of 
the last non-conductors. The electrics, or such substances as 
being excited, communicate electricity, are all non-conductors, 
while the mm -electrics, or such substances as do not communi- 
cate electricity on being merely excited, are conductors. The 
conductors are the metiils, charcoal, water, and other fluids, ex- 
cept the oils ; also smoke, steam, ice, and snow. The best con- 
ductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are gla-ss, amber, sulphur, 
resin, wax, silk, most hard stones, and the furs of some animals. 

A body is said to be insulated, when it is supported or sur- 
rounded by an electric. Thus, a stool standing on glass legs, 
is insulati'd, and a plate of metal laid on a plate of glass, is 
insulated. 

284. Electrical Machines. — Wlien large quantities of the 
electric fluid are wanted for experiment, or for other purj)oses, 
it is procured by an electrical machine. These machines are of 
various forms, but all consist of an electric substance of consid- 
erable dimensions ; the rubber by which this is excited ; the 
2yrivie conductor, on which the electric matter is accumulated ; 
the insulator, which prevents the fluid from escaping ; and ma- 
chinery, by which the electric is set in motion. 

Formerly a glass cylinder was employed as an electric, but 
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moie recently, round, flat plates of glass, called plate Ttiaekinet, 
are used instead of cylinders. This w a great improvement, 
unce both aides of the plat« are exposed to electrical friction, 

while in the cylinder, the outside onW could be esdted. 

This machine is represented by Mg. 265, and consists of a 
drculiir plat« of glass, from one to two or three feet is diameter, 
turning on an axis of wood which pasars through its center. 
Tlie plate is rubbed as it revolves, by two leather cushions, & 




and It, fixed at opposite points of its circuraferenco, and by 
means of elastic slips of wood adjusted hy screws, made to press 
on its surface. On the opposite side are two other cushions 
not seen, the plate revolving between them. A hollow brass 
prime conductor, C, supported by a glass standard D, is attached 
to the frame of the machine. On each side of the conductor 
are branches of the same metal, at the ends of which are sharp 
wires nearly touching the glass plate, and by means of which 
the electric fluid is collected and conveyed to the conductor. 

283. Mode of Action. — The manner in which (his machine 
acta is easily understood. The fiiction of the cushions against 
the glass plate, transfers the electrical fluid from the cushions 
to the glass, so tlst while the glass becomes positive, the cush- 
ions become negative. Meantime, the fluid, which adheres to 
the surface of the glass, is attracted by the metallic points and 

DnrrilK Ibe e[«lrlMl msehinf, Fig. S66, 386. Wheneseonita Dm electricity, whag 
the plate le tamed 1 Why ie ^[ Deceieery to throw Ibc chain cd the noaad bo obtain 
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IMiiiii I ••iiiiiii ii,i „i„| ihi nihil Willi liif i-iihhloM. what rhuii:;(8 Avili bepruilucedl 
( Nil ituiiliiiiil I II iiikiii Ihi- i li.iiii, what tiled will it produce <>u him I 
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cnsLion, no spark will pass between them, on touching each 
other, because they will then both be in the same electrical 
state. 

288. We have seen, Fig, 264, that the pith-ball is first at- 
tracted and then repelled, by the excited electric, and that the 
ball so repelled will attract, or be attracted by other substances 
in its vicinity, in consequence of having received from the ex- 
cited body more than its ordinary quantity of electricity. 

These alternate movements are amusingly exhibited by plac- 
ing some small light bodies, such as the figures of men and 
women, made of pith, or paper, between two metallic plates, the 
one placed over the other, as in Fig, 266, the upper plate com- 
municating with the prime conductor, and the other with the 
ground. When the electricity is communicated to the upper 
plate, the little figures, being attracted by* the electricity, will 
jump up and strike their heads against it, and having received 
a portion of the fluid, are instantly repelled, and again attracted 
by the lower plate, to which they impart their electricity, and 



no. 266. 




FIG. 267. 




Electromitsr. 



Attraetim and RepulHon. 



then are again attracted, and so fetch and carry the electric 
fluid from one to the other, as long as the tipper plate contains 
more than the lower one. In the same manner, a tumbler, if 
electrified on the inside, and placed over light substances, as 
pith-balls, will cause them to dance for a considerable time. 

988. Explain the reaion why ttm UtUe Unagw damce beft««isi Vbst X:«« "MtafiS^ 
pktt%Flg.960L 

16* 




taHMrftf of eketrie uAm^wat^ cdhd -gfcfrwui 
imiunnii t ii ro p ie wnted by JV* M7. ftednnteora 
rod of l^t wood, A, torminatad Iqr • pitb-bdn^ 
M indo:. Ilw it Mnpended at tbe npper jMurt of the voote 
itan, B| «o M to pli^ etaQy baclriraid and m^^ Tliemiy 
Mokirda G, k anued to tbe stem, having ito center eoinadij| 
with the exit of motion of the iod| ao as to meanm the mA 
if deviatioa from the perpeadienlar, whkli the lepolaon of W 
oaD from the stem pfodnoea on the indaz. 

When thift instroment it need, the lower end of the atiKh 
aet into an qwrtore in the prime oondaetor,.and the iateHiti 
of the electrie action ii indicated hf the nnmber of dqpeei dS 
indBx ii repdled from the peipendicalar. 

The pavage of tlv electric fluid throi^h a peifect copdmtei 
ii nerer attended with lighti or the crackling noiae wlueh ii 
heard when it ii transmitted through the air, or iJong the nr- 
free of an electric 

290. Several cniioui experiments illuBtrate thia principle^ fa 
if fiiigmentB of tin foil, or other metal, be ^ted im. a pieoe of 
riaw, 80 near each other that the electric flmd can paaa betwsea 
S^m, the whole line thus formed with the pieces of metal, will 
be illuminated by tlie passage of the electricity from one to tfai 
other. 



no. 268. 
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in this manner figures or words may be formed, as in Fig, 
268, which, by connecting one of its ends -with the prime con- 
ductor, and the other with the ground, will, when the electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 

289. What Is an electrometer? Describe that represented in Fig. 267, tomtber 
^Hh the mode of using it. When the electric fluid passes along a perfect condnctot 
wjt attended with light or not 1 When it passes along an electric or through tht 
*v.wh«t phenomena does it exhibit 1 290. Describe the experiment, Flf. 268; fB> 
— •^-' to Illustrate this principle. 
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291. Electrical Light, — Electrical light seems not to differ 
in any respect, from the light of the Sun, or of a burning lamp. 
Dr. WoUaston observed, that when this light was seen flbrough 
a prism, the ordinary colors arising from the decomposition of 
light were obvious. 

292. When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electricity 
be positive or negative. The reason of this appears to be, that 
the instant a paVticle of air becomes electrified, it repels, and is 
repelled, by the point from which it received the electricity. 

Several curious little experiments are 
made on this principle. Thus, let two ^®- '*^- 

cross wires, as in Fig. 269, be suf^pended 
on a pivot, each having its point bent in a 
contrary direction, and electrified by being 
placed on the i>i*ime conductor of a ma- 
chine. These points, so long as the machine 
is in action, will give off streams of elec- 
tricity; and as the particles of air repel the 
points by which they are electrified, the 
little machine will turn round raj)idly, in the direction contrary 
to that of the stream of electricity. Perhaps, also, the reaction 
of the atmosphere against the current of air given off by the 
points, assists in giving it motion. 

293. Ley den Vials. — When one part or side of an electric is 
positively, the other part or side is negatively electrified. Thus, 
if a plate of glass be positively electrified on one side, it will be 
negatively electrified on the other, and if the inside of a glasg 
vessel be positive, the outside will be negative. 

Advantage of this circumstance is taken, in the construction 
of electrical jars, called from the place where they were first 
made, Leyden vials. 

•The most common form of this jar is represented by Fig. 
270. It consists of a glass vessel, coated on both sides up to 
A, with tin foil; the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the /passage of the electric fluid 
from one coating to the oSier. A metalhc rod, rising two oi 
three inches above the jar, and terminated at the top with a 



291. What is the appearance of electrical light through a pnsm 1 292. Deseriba 
Fig. 'i59, and explain the principle on which its motion depends. 293. Suppose ont 
part or side of an electric is positive, what will be the electrical state of the other side 
or psurt 1 What part of the electrical apparatus is constructed on this principlel 
How is the Lejden yial constructed 1 why is not the whole sor&cc of thM Tial eor* 
end with the tin foil 1 
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brufi ball, wliich is calied the knch of the jar, k made to de- 
■oend through the cover, till it touches the interior coating. B 
IB along this rod that the charge of electricitj is conveyed te 
the inner coating, while the outer ooating is made to communi 
eate with the ground. 
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294. When a chain is passed from the prime conductor c/t an 
electrical machine to this rod, the electricity is accumulated on 
the tin fo^.l coatin<^, while the glass above the tin foil prevents 
its escan;., and thus tlie jar becomes charged. By connecting 
togetl .r a sufficient number of these jars, any quantity of the 
elec'^iic fluid may be accumulated. For this purpose, all the 
in erior coatings of the jars are made to communicate with each 
other, by metallic rods passing between them, and finally ter- 
minating in a single rod. A similar union is also established, 
by connecting the external coats with each other. When thus 
arranged, the whole series may be charged, as if they formed 
but one jar, and the whole series may be discharged at the 
same instant. Such a combination of jars is termed an electri- 
cal battery, 

295. For the purpose of making a direct communication be- 
tween the inner and outer coating of a single jar, or battery, by 
which a discharge is effected, an instrument called a discharg- 
ing-rod is employed. It consists of two bent metallic rods, 
terminated at one end by brass balls, and at the other end con- 
nected by a joint. This joint is fixed to the end of a glass 



fc%.5°y ^ * Leyden vial charged ? In what manner may a number of these viata 
«SWS? ' ^V^** ^^. *" ejectrical battery \ 295. Explain the desi^ of Fig. 271, and 
*w now an equilibrium is produced by the dischargiug-rod. 
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handle, and the rods being movable at the joint, the balls can 
be separated or brought near each other, as occasion requires. 
When opened to a proper distance, one ball is made to touch 
the tin foil on the outside of the jar, and then the other is 
brought into contact with the knob of the jar, as seen in F\g, 
271. In this manner a discharge is effected, or an equilibrium 
produced between the positive and negative sides of the jar. 

296. When it is desired to pass the charge through any sub- 
stance for experiment, then an electrical circuit must be estal> 
lished, of which the substance to be experimented upon must 
form a part. That is, the substance must be placed between 
the ends of two metallic conductors, one of which communicates 
with the positive, and the other with the negative side of the 
jar, or battery. 

29*7. When a person takes the electrical shock in the usual 
manner, he merely takes hold of the chain connected with the 
outside coating, and the battery being charged, touches the 
knob with his finger, or with a "metallic rod. On making this 
circuit, the fluid passes through the person from the positive to 
the negative side. 

Any number of persons may receive the electrical shock, by 
taking hold of each other's hand, the first person touching the 
knob, while the last takes hold of a chain connected with the 
external coating. In this manner, hundreds, or, perhaps, thou- 
sands of persons, will feel the shock at the same instant, there 
being no perceptible interval in the time when the first and the 
last person in the circle feels the sensation excited by the passage 
of the electric fluid. 

298. Atmospheric Electricity. — The atmosphere always con- 
tains more or less electricity, which is sometimes positive, and 
at others negative. It is, however, most commonly positive, 
and always so when the sky is clear or free from clouds or fogs. 
It is always stronger in winter than in summer, and during the 
day than during the night. It is also stronger at some hours 
of the day than at others ; being strongest about 9 o'clock in 
the morning, and weakest about the middle of the afternoon. 
These dififerent electrical states are ascertained by means of long 



296. When it Is desired to pass the electrical fluid through any substance, where 
mast it be placed in respect to the two sides of the battery 1 297. Suppose the bat- 
tery is charged, what must a person do to take the shock 1 What circumstance ii 
related, which shows the surprising velocitjr with which electricity is transmitted 
298. Is the electricity of tlie atmosphere positive or negative? At what times dooi 
the atmosphere contain most electricity? How are the different electrical itatw of 
the atmosphere ascertained ? 
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CHAPTER XIV. 

MAGNETISM. 

303. The native Magnet, or Loadstone, is an ore of irorij 
which is found in various parts of the world. Its color is iron 
black ; its specific gravity from 4 fo 6, and it is sometimes 
found in crystals. 

This substance, without any preparation, attracts iron and 
steel, and when suspended by a string, will turn one of its sidea 
toward the north, and another toward the south. 

It appears that an examination of the properties of this 
species of iron ore, led to the important discovery of the mag- 
netic needle, and subsequently laid the foundation for the 
science of magnetism ; though at the present day magnets are 
made without this article. 

304. The whole science of magnetism is founded on the fact, 
that pieces of iron or steel, after being treated in a certain man- 
ner, and then suspended, will constantly turn one of their ends 
toward the north, and consequently the other toward the south. 
The same property has been more recently proved to belong to 
the metals nickel and cobalt, though with much less intensity. 

305. Still more recently, it has been found by Prof. Faraday, 
that when a strong electro-magnet is employed, the following 
metals are acted upon with varying intensity, and therefore 
must be added to the list of magnetic metals, viz., manganese^ 
chromium, cerium^ titanium, palladium, platinum, and osmium. 

306. The 2>oles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the heavens, 
which intersects the horizon at the points to which the magnetic 
needle, when at rest, directs itself. 

307. Tlie axis of a magnet, is a right line which passes from 
one of its poles to the other. 

The equator of a magnet, is a line perpendicular to its axis, 
and is at the center between the two poles. 



203. What is the native magnet or loadstone ? What are the proi)«rtle« of the 
loadstone 1 304. On what is the whole subject of magnetism founded 1 What other 
metals besides iron possess the magnetic property 1 305. What metala besides iron, 
nickel, and cobalt, are magnetic 1 306. What are the poles of a magnet 1 307. What 
it the axis of a magnet 1 What is the equator of a magnet 1 



aOS. ZamUv i^i t y r N w , — The IwiJWng properdei of Ik 
magMiaietliefbllowuig: It attraeli Imi ami rtael, and whm 
wpgiidad 10 as to mofe iMhr, it aira^ges italf to as to pont 
north and aoath ; thia k called the poktriif of the nngneti 
'When the mmik pde of one nu^^net ie praaented to the aorA 
pole of another, tner win attraot eaeh otber ; this » called wy- 
Mffe mttraetion. But if the two north, or two aonth pol»ti 
Irongfat together, they will lepd endi ioillieK^ and thk n eaDfd 
wm^Mik rejmUUm, 

809.. When a magnet is left to mofe tredy^h does not Esk 
a horiaonUd direction, but one pole indinee d o w n w ar d, and eon- 
seonenUy the other k ele?atea above the Ime of the horinai. 
X ThW k called the dipping^ or mdmaikm ot the mi^pielio aeedk 
Any magnet k capaUe of commmrirating ita own propertiei t» 
iron or steel, and this, again, will impart its magnetio Virtas ts. 
another piece of steel, and so on indefinitely. 

810. £r a piece of iron or steel be Inoanit near one of the 
poles of a magnet, they will attract each cSher, and if snflised 
to come into contact, will adhere so as to require force to sep- 
arate them, nik attraction k mntoal ; for the iron attrada taa 
maffnet with the same force that the magnet attracts the iroUi 
This may be proved, by pladng the iron and magnet on pieces 
of wood floating on water, when they will be seen to approadi 
each other mutually. 

811. Force of Attraction. — ^TLe force of magnetic attraction 
varies with the distance in the same ratio as the force of gravity ; 
the attracting force being inversely as the square of the dktance 
between the magnet and the iron. 

312. The magnetic force is not sensibly affected by the in- 
terposition of any substance except those containing iron, cr 
steel. Thus, if two magnets, or a magnet and piece of iron, 
attract each other with a certain force, this force will be the 
same if a plate of glass, wood, or paper, be placed between 
them. Neither will the force be altered, by placing the two 
attracting bodies under water, or in the exhausted receiver of 
an air-pump. This proves that the magnetic influence passes 
equally well through air, glass, wood, paper, water, and a 
vacuum. 



306. What is meant by the polarity of a magnet ? When do two magnets atfrMli 
uid when repel each other? 309. What is understood by the dipping of the maff* 
netic needle 1 310. How is it proved that the iron attracts the magnet with the saaM 
rorco that the magnet attracts the iron 1 31 1. How does the force of magnetic attnM>> 
uon Tary with the distance 1 312. Does the magnetic force vary with the interpoil* 
"^ ot%nj substance betwe*n the attracting bodies i 
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B Sid. Deslroyed hij Beat. — Keatveakens the attractive powet 
of the magnet, and a white heat entirely destroys it. Electricity 
will change the poles of the magnetic needle, and the explosion 
of a small quantity of gunjuiwder on one of the poles, will have 
the same effect. 

314. The attractive power of the magnet may be increase'! 
by permitting a piece of steel to adhere to it, and then saspenil- 
iug to tlie steel a little additional weight every day, for it will 
sust^n, to a certain limit, a little move weight on one day than 
it would on the day before. 

316. Small natural magneta will snatain more than large 
ones in proportion to their weight. It is rare to find a uatur.il 
magnet, weighing 20 or 30 grains, which will lift more than 
thirty or forty times its own weight. But a minuta piece of 
natural mi^et, worn by Sir Isaac Newton, in a ring, which 
weighed only three grains, is said to have been capable of lifting 
746 grains, or nearly 250 times its own weight. 

316. Artijicial Magnets. — The magnetic property may 
communicated from the loadstone, or artificial magnet, in 
following manner, it beiug understood that the north poll 
one of the magnets employed, must always be drawn toward the 
south pole of the new magnet, and that the aouth pole of the 
other magnet employed, is to be drawn in the contrary direc- 
tion. The nortli poles of magnetic bars are usually marked 
with a line across them, so as to distinguish this end ftom " 
other. 

Plflce two magnetic bars "«■ ^^ 

A and B,/")!?. ^72, 80 that 
the north end of one may 
be nearest the sout^ end 
of the other, and at such 
a distance that the ends of 
tte steel bar to be touched, 

may rest upon them. Hav- jLrtijitiai utofTHit 

ing thua arranged them, 
as shown in the figure, take the two magnetic bars, D and E, 
and apply the south end of E, and the north end of D, to the 
middle of the bar C, elevating ibeir ends a* seen in the figure. 
Next separate the bars E and D, by drawing them in opposite 
directions along the surface of C, still preserving the elevation 
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■s D and EL to the distant 

- r. J" : I. -r : r L-i-r.h aiid S'^ut'j 

•:.-:. :. ..'.::. J aj" ;:" r. : ii .v*.! lii-Ei on die 

* ;■■ -'- 1 :.. :.v *I:.:-* •. n -.acL side of tbs 
: --..:. 1... V :-..-^'-:rvi a -rroT-jficd j-er 

:. •'- • !...--. I. :". r a !:t.j: j-^n'>I of time, 
1 :-^:. :.. or :l u Trrri-v:--i:cular f-/sitioc, 
.1 *:r :.: z:.x^z.:z:c j>.'Wrrr. L»ld tongs. 
.-. :..r.. T'l :i.\v:;vs T-rrj-sess more or Ifss 
!:. -.J*. : •. .:: . : .» 1 :-." > .::.- :- :\u:.i to ">:- the case with tbe 
:r :. v. :•. ". w : .r- • :' ;-.:. .• : ". :.-.u---*. "w LcLv%trr thev have hap- 
J- : •- '. :• . ■-: : "..;.. '; ::. t .-r '.ir-x::.:. «.: tLe mujfnetio line. 

•'.1 r. A s. : -.•.'. : ■: .•: -'.'. *u.:. :is :> eiiii-Iovcd in iLe mariners 
h:. i *•;'■■.••.■ :'- ..•■:.: >-. :...»v :-r :::2iv vv £x:c:j a piece of steel 
• •!. a •• -.ri. -.!. 1 ■':. r. Irtw'.z.:: tw..» n:;ij;:r.eii; from the center 
iv'.wir i .;•...:. . :. :. :i'« d r- .: -i it /'«/. i'72. Svi^me masrnetic 
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i;. •■.:.'._' l-.r.k'v\:.: : M.-i I'.rwaid. :i"^ :l;"-_.'i it wore animate*!; 
out y.]i':ii it Lix< l-.-Mi:::- ]v-r:..ctiv n;:dietized. it will remain 

qui^•^C«Ill. 
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Matrnntic Rotation. 



310. Mnqnctir linUtt'itm. — Tt is quitc interesting to observo 
til': «lill<'niit <lin(ii«)ii> iIh' ri'M-dlp of a small magnetic compass 

ilM ii'" "■'■'"' I""''""' •!■' I'!'-: <•'" ir'ii! bofr.in*^ masrnotic spontaDeoasIy 1 
• ""■•. ini- n ii> I- Ii' I' III.'... : •' ■; v-i'ioiii r. iis.Ajij; iViMii its pivoi 1 
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-will assume when moved romid a bar magnet. If the latter be 
laid on the table, and the former carried slowly around it, from 
S, or south, to N, or north, and so back again on the other 
side, the needle will akemately take all the positions shown 
by Fig, 273. 

320. Dip op the Magnet. — ^The dip, or inclination of the 
magnetic needle, is its deviation from its horizontal position, as 
already mentioned. A piece of steel, or a needle which will 
rest on its center, in a direction parallel to the horizon, before 
it is magnetized, will afterward incline one of its ends toward 
the earth. This property of the magnetic needle was discov- 
ered by a compass-maker, who, having finished his needles 
before they were magnetized, found that immediately after- 
ward, their north ends inclined toward the earth, so that he 
was obliged to add small weights to their south poles, in order 
to make them balance, as before. 

321. The dip of the magnetic needle is measured, by a grad- 
uated circle, placed in the vertical position, with the needle 
suspended by its side. Its inclination from a horizontal line, 
marked across the face of this circle, is the 

measure of its dip. The circle, as usual, 
is divided into 360 degrees, and these into 
minutes and seconds. 

322. Dipping Needle, — Fig, 214 is said 
to represent a convenient form of the dip- 
ping needle. It is a strongly magnetized 
steel needle, turiflng on the center of grav- 
ity A B, in a brass frame which is suspend- 
ed by a thread. Thus the needle has 
universal motion. The scale is omitted as 
unnecessary for the present purpose. 

323. The dip of the needle does not 
vary materially at the same place, but dif- 
fers in different latitudes, increasing as it is 
carried toward the north, and diminishing 
as it is carried toward the south. At 
London, the dip for many years has varied 
little from 72 degrees. In the latitude of 
80 degrees north, the dip, according to the 
observations of Captain Parry was 88 de- 
grees. 



FIG. 274. 




Dipping Needtt 



320. How was the dip of the magnetic needle tint discoTered 1 321. In whtf 
manner is the dip measured 1 
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April. 
Mivcfa, . • 
March, . 
Msrehy • • 
M«rch, . 
M«rcb, . • 



1«7, 

1^33, 
1834, 
1835, 
I83e, 

1837, 
1838, 
1839, 



68O,35',0<' 
680,3y,a«' 
680,28^,8*^ 
680,26', 1'' 
680,2y,4«' 



2ao,25%S*^ 

MO. r,?' 
MO, y.fi^ 

MO, y.T* 

210, sy, •» 



327. Tlie difference in the dedinatxm, wBidi may be d 
much irn[Kirtance, as on it may depend the safety of shipB at 
«4)a, Im Vfrry material in different conntriea, and at difforent 
itmotU' T him at present it is about 24° west, at London. 
At Vnrw, 22* west. At New York, 6*^ 26' west, and at Hart- 
foril, nhnxii 0** want 

Uofnm 1000, iho variation at London, was toward the east^ 
Mful nti iUni ycM the needle pointed due north. From that 

Hun. WtiHl rlrniitnirtftnoii InereaMi or diminifbes the dijpof the needle 7 391. WbiC 
*<|(H>iiiil hy ttiMilftc.llimtlonof the magnetic needle? 326. What changes docs tba 
*n*viiliili|iiliiitlPHle1 Wff. Why !• the difference of declination of importance t» 
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to tlie present, it has gained from two to six degrees to^* 
ward the west every year. 

The greatest variation of tlie magnetic needle, recorded, was 
that obsen-ed by Capt. Cook, which was about 43° west TUi« 
was in S. lat. 60°, ajid E. longitude, 92° 36'. 



ELECTRO -MAGNETISM. 

328. When two mefah, one of which is more tasily oxydw- 
ted than the other, are placed in acidulated water, and the twt> 1 
melala are made to touch each other, or a metallic eonumimed- \ 
turn is made between them, there is excited an eleetrieal or gat i 
vanic current, wliich passes from Ihs metal most easily oxydale^ \ 
through the water, to the other metal, and from the other metai-A 
through the water around to the first metal again, and so ti 
perpetual circuit, 

FIG. STB. 





o2u. If we take, for example, ooe slip of zinc, and another 
of copper, and place them ia a cup of diluted sulphi 
Fig. 275, liieir upper ends in contact anil above the water, and 
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^A, ■ 
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ofdiMriVlki 



^Mjdttadf mnngk. «• ttddp to thsi 
per to As mc agui, and so on c 
odMTof the denioiti k dertRmdi, or 

Tbe time cfibd win ba promBedpif 
antallic platMi to oonia in eontaoL a 4 
dia& be made W mean of virn^ at dimm W Jfa.SNL ii 
Ok c»e^ as well as m the fmaii;, tka aleelrid^ fmeedi im 
tta ime Z^ wludi is the positivie ode^ to tta oofper C^ bdif 
floodneiedliy thawiresinthediiiectiottdiiwm WneanoK 

S30. ThaeompletJonoftheqiciritlymeMSflfwiimedfa 
m to make eipeimeiUB on diflfaraBt anhalaiiiw hj pM^lb 
galvanic fnfliimoB throngfa tbem, this hmt^ tha meAoa m- 
ployed to exhibit the eflbcts oTgalTanie batteries and hjwtak 
the most inteose heat mi^ be prodneed. 

When the two poles or a battery mn cnnnitcted by mesvcf 
a copper wire of a yard or two in length, the two paiti hatf 
snppMted on a table in a north and sooth dtreetiaD, ftrsoBi 
of tbe ezperimeDts, bat in others die diredion mnst be ehasged 
as will be seen. This wire, it will be remembered, is called the 
uniting wire, 

881. Theory,— In theory, the 

r'tive electricity is produced' 
the mutual action of the 
acid, water, and anc ; the water, 
in small quantity, being decom- 
posed. If this action is too vio- 
lent, that is, if the add is too 
strong and the hydrogen pro- 
duced in too large quantity, the 
electrical current is diminished, 
or ceases almost entirely. 

332. Galvanio Battery. — 
One. of the most convenient 
forms of a galvanic battery for ex- 
periments described in this work 
w ropre«onted by Fig. 211, It 
consists of a cylinder of sheet 
copper, within which is another 
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831. now is positive clectricitx produced 1 



SLEOTRO-MAQNETISM. S59 

of zinc. The zinc has for its bottom a piece of sheep-skin, or 
bladder, tied on with a string, and is suspended an inch or two 
from the bottom of the copper cylinder. Or, the whole inner 
cylinder may be made of leather with a slip of zinc within it. 
This is done to prevent the fluid which the inner cylinder contains 
from mixing With that contained between the two ; and still, the 
leather being porous, the water it contains conducts the galvanic 
influence from one cell to the other, as already stated. The 
diameter of the outer cup may be ^ve or six inches, and the 
inner one three or four. The zinc may be suspended by making 
two hoies near the top and tying on a piece of glass tube or a 
slip of wood. This part has often to be removed and cleaned, 
by scraping off the black oxyd, which, if it remains, will pre- 
vent the action of the batterv. The action will be sustained 
much longer if the zinc is amalgamated by spreading on it a 
(ittle mercury before it is used, and while the surface is bright. 

The cups P N, are the positive and negative poles. They may 
be made of percussion caps, soldered to the ends of two copper 
wires ; the other ends being connected by soldering, or other- 
wise, one with the zinc, and the other with the copper, cylinder. 

The inner cup is to be filled with water, mixed with about a 
twentieth part of sulphuric acid, while the cell between the two 
contains a saturated solution of sulphate of copper, or blue 
vitriol. In order to keep the solution saturated, especially when 
casts are to be taken, some of the solid vitriol is to be tied in a 
rag and suspended in it. 

This battery, it will be seen, differs materially from that 
hereafter to be described under the name of Grove's battery, 
but for common purposes it is equally useful ; is much more 
readily made, and costs only a tenth as much. 

grove's battery. 

333. This is the most powerful arrangement, according to its 
size and cost, which has been proposed, and is that generally used 
for telegraphic purposes. Fi^, 278 shows a battery of twelve 
cups, each of which consists of a cylinder of amalgamated 
zinc, within which is a cup of unglazed clay ; these being placed 
within an outer cup of glass. To the zinc is attached a con- 
ducting arm of the same metal, which reaches to the next 
series of cups, and at the end of which is attached a thin piece of 
platina, which dips into the porous cup, as shown by the figure. 

332. Explain Fig. 277, and show th« actiou of the battery. 333. Describe the prill- 
eiple of Grove's batterv. Fig. 278- 




Tua^Ctip BaOtiy. 



Th« battery is cliwffed, by filling the clay cup with nicrie 
add, and the epftce willib And around the zioc, which is 0|>en 
ftt the bottoin and side, with sulphuric acid, diluted with 30 
parts of water. The action is strong, and requires very liill* 
expense. 

334. Tobacco Pipe Battery- — For telegraphic baturies tlie 
ressclB are about four inches high, but for common experimeott 
any one may make a miniature battery in the following 
ner, and at u very trifling expense. 

Procure eir I/jy tumblers, an inch and a half hwh, 
from sheet zinc, strips of such 
size as to form cylindere to f,o. zn. 

go within these tumblers. Cut 
one end of each strip nearly o^ 
and a quarter of an inch wide, 
as shown at A, Fiff. 279, and 
turn it up so as to make a con- 
necting arm with the next cup. 
At the end of this arm cut a slit 
B, into which put a little slip of 
plntina foil, half an inch wide, and . 
an inch long. Li this manner the 
whol« can be made without sold* 
oring the arm to the cup, which, 
wlien amalgamated, will drop off. 

Next tnVe six tobacco pipes, and 



a 



w «P« Bmtary 



1-1—, -'eakingoff theBtemB,6top 

the orificpa of the bowls with sealing-wax, and the olemonta of 



your little battery is finished. 
Now take a litde mercury ii 



a bowl, and touching the zi 



_|grEnders to it, a little will adhere to the metal, and may be J 
■pread over iU surtace with a wisp of cotton. The aclJou {*•■ 
thus niucL increased. 

335. Lastly, put the bowls within the zine cylinders, and thesa 
iiito the tumhlers, and then fill the bowla with nitric acid, and 
the tumblers with sulphuric acid diluted with 30 parla of water, 
tang the arms so that the platina will dip into the bowU, and 
the action will commence instantly. 

With this little battery, which any one of ordinary ingenuity 
C3D make, all the common experiment with a galvanic battt^ty 
may he performed. 

336. Circular Motion of Electro- Sfagnetism. — In consa- 
quence of the circular m^netic currents which seem to 
emanate from tlie regnlor influence 
of the battery, the fluid may he no, ao. 
made to act so as to produce a 
continued rotation of the conducting 
wire, or the magnet. 

Magnet Revolving Around the 
Conducting Wire. — TTie arrangement 
shown by Fit;. 280, and which causes 
the magnet to revolve around the 
conducting wire, consists of the mag- 
net N S, having an angular bend in 
the middle, where it becomes hori- 
zontal, while the extremities are vert- 
ical. To the norlh pole, or lower 
end of the magnet N, is attached a 
piece of brass, at a right-angle with 
the magnet, which has a little pro- 
jection, forming a pivot, which rests 
in an agate cup, flj:ed to the stand. 
A wire loop attached to the upper 
poie of the magnet S, encircles the 
conducting wire, and thus keeps the 
magnet in its place. The galvanic 
current is conveyed by this wire, the 
lower end of which dips into a httle 
cup of mercury on the horizontal 
portion of the magnet. 

337. The wire has a brass cup at A, containing mercury, and 
bto which the pole of the battery is inserted. From this cop 
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M,iirM<'t»-l xsifh t!p! i:iair:i'-t. fil;«l 
tlir'/ri'_r}j i|,;it, V. itli tlr- axis of the 
\v|j'*-l, aii'l tliv oilji:r with tLe 
ifM-niiry in tli'; troiiL^li. Xow 
on iiiakiri'' tin; connection be- 
t.w<'«'n tlir* |iol«;.- of Uio battory, 
Ml'-, wIk'i;! I^'irins to movf% in con- 
»'''«jii<.iir<.. of tli({ attraction be- 
t.w<'"n tin- jioint.s <if tli(} Avheel 

ami tin; MK-nnry, an/1 if tllO cur- lifrroiving Wheel. 

Tf.iil i;4 strong til*'. vvli(!(!l tunis 

^•itli /nw-nt vi'l<M'ity, Knapjiing and striking firo as tlie points 




approach the fluid raetal. The poiQts of the wheel shonld bfl 
amalgamated to make the experiment succeed well. 



340. Thia is a curious and singular arrangeraenl, and wiH 
<Hiite astoniali tlioae who are not conversant with motions com- 
municated by galvanic influence. 

The cut, Fiff. 282, shows a connection between the xpiral 
rihbim. A, and the single Grove's battery, B, by meana of a 
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ixjpper wire. The bent wire C C f 

Bet in motion by a spring below the 

to vibrate rapidly by clock-work the ends of the wire dipping- 

alternately in the glass cups C G, containing mercury. Tha 

spring is wound up by turaiug the milled-head. 

The glass cups are open at the bottom to allow the mercuiy 
to come in contact with the brass pillars on wluch they stand. 

Both of these pillars are connected with one of the screw-cupe 
D D, while the other cup is connected with the middle brasa 
pillar E, on which is a brass cup of oiercury. From the latter 
cup ascends a vertical wire, attached to the vibrating wire, " 
the figure shows. 

34^ Such a quantity of mercury is put into the brass cup 
aa to keep the end of the vertical wire covered, and enouj^ 
into the glass cups C C, to allow one end of the vibrating wir«f , 
to leave the mercury in the cup, before the other end dips iniO' 
that metal. 

342. The spiru! ribbon is made by. cutting strips of shi 
copiMT, an iiidi vide, h:tn iHHiflb-i, and sokWring them togethw. 
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S64 BELL CMOINX. 

TLen Lanng covered the whole with cotton doth, and rolled it 
into a spiral, like a watch-Bpring, the article in question is formed. 
Ai each end, the ribbon being sometimes 100 feet long, there is 
fixed a screw-cup to contain mercury for the poles of the bat- 
tery. In the above, one end is connected with the battery, and 
iho other with tlie screw-cup D, and so to E, on the platform. 

llie current must be transmitted through the two instra- 
nienta in sucoossiou, by connecting one of the screw-cups with 
one of those attached to the spiral wire, and the other with 
the pole of the battery ; the remaining cup on the spiral being 
made to communicate with the other pole of the batteiy. 

343. Action. — On making the connection with the spiral, 
as shown, and turning the milled-head to put the vibrating 
wire in motion, a brilliant spark will be seen, and a loud snap 
heard, at the alternate rupture of the contact between the ends 
of the wire and the mercury in the cups C O. 

With a battery of a few pairs of large sized plates, the size 
of the spark will be greatly increased. 

A strong shock may also be given, especially when the mer- 
cury in the cups C C are covered with a little oil. 

[The author is indebted for the above, as well as for several 
other cuts of the same kind, to Davis's "Manual of Magnetism,** 
Boston, 1850. 

This work contains the most complete and extensive set of 
figures, and their descri])tions, on the subjects of Magnetism 
and Electricity, ever published in this country. Price $1,00. 
The number of figures, 184.] 

REVOLVINO BELL ENGINE. 

844. This curious arrangement is the invention of Mr. Page. 
It consists of a U shaped magnet, the north and south poles, 
N S, being fixed in the base board. Between these is a small 
electro-magnet of iron, surrounded with insulated copper wire. 
This is fixed to a revolving axis, or wire, the upper end of 
which is confined in the bend of the large magnet, and the 
lower one running in a support below the electro-magneto 
On the outside of the U magnet are the connecting screws for 
the opposite poles of the battery, by which the machine is oper- 
ated. On the axis, and connected with the notches of the 
wheel, is an endless screw, and with this is connected the ham- 
'laer, which strikes the bell, seen as a crown on the figure. 

346. Action. — The operation, or motion, of this curious little 



gine, depends on tlie alternate 
faction and repulson of tLe poles 
»f tlie U magnet, and those of the 
tnal 1 electro-ma^et between them, 
) magnetism of the ktter de- 
ids on the influence of the bat- 
/ with which it is connected, 
^d therefore ceases when this 
(onnection ia broken. The revo- 
Dre caused by the 
mutual repulsion, aod then the 
PinutQttl attraction between the two 
opposite poles of the two magnets, 
as the connection is broken and the 
poles of the electro-magnet are 
reversed. 

The hammer is made to strike 
by a pin on the wheel, moved by 
the endless screw, and which press- 
es back the handle utitil it is re- 
leased, when a spiral spring on the 
handle impels it against the bell. 
346. If the wheel liafl 100 teeth, 

3 cut, the electro-magnet seii Engim:, 

pinst revolre 100 times in order to 

one revolution of the wheel, and consequently one 

1 the bell. The velocity of the electro-m^net in this 

JBBchine, as shown by the striking of the hammer, is some- 

18 equal to 6000 revolutions in a minute. 

3*7. ViBHAnoN OP A Wire. — A conducting copper wire 

_Jf, Fig. 284, is suspended by a loop from a hook of the same 

" metal, which passes through the arm of metal or wood, na seen 

in the cut. The upper end of the hook terminates in the cup 

P to eontdu mercury. The lower end of the copper wire jusi 

touches the mercury, Q, contained in a little trough about an 

inch long, formed in the wood on which the horseshoe magnet, 

M, is laid, the mercury being equally distant from the two poles. 

The cup, N, has a stem of wire which passes through the 

wood of the platform into the mercury, this end of the wire 

ned, or amalgamated, so as to form a perfect contact. 
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94B. Havingr iLos pig y rf 

the apjomnsw : m a £t2]e iiier- 
carr mo t2>e co j« P and X, md 
then ic^rm t}>« smlmiic dremt 
br fJaoz^r liic jolts of the bst- 
UrFT in iLt two cups, and if erenr 
thing i« Af h should l^e, the 
wire win liecin to ril^ate. l^aig 
thrown wiih considrrable foree 
either toward M or Q. acoofd- 
ing to the ]o&ition of the mag- 
netic poles, or the direction of 
the current, as already explained. 
In either case it is thrown out 
of the mercuiT, and the galranic 
circuit being thus* broken, the 
effect ceases until the wire &lls 
back again bv its own weight, 
and touches the mercury, when 
the current being again perfect- 
ed, the same influence is repeated, and the wire is again thrown 
away from the mercury, and thus the Tibratory motion becomes 
constant. 

Tills f'^rms an easy and beautiful electro-magnetic experi- 
ment, and may b«3 made by any one of common ingenuity, 
who possifssfs a galvanic battery, even of small power, and a 
good magnet. 

Tlie }>latform may be nothing more than a piece of pine 
board, eiglit inches long and six wide, with two sticks of the 
samo wo^jd, forming a standard and arm for suspending the 
vibrating wire. The cups may be made of percussion caps, 
exploded, and soldered to the ends of pieces of copper bell 
wire. 

The wire must be nicely adjusted with respect to the mer- 
cury, for if it strikes too deep or is too far from the surface, m 
vibrations will take place. It ought to come so near the mer- 
cury m to produce a spark of electrical fire, as it passes the 
Miirfm-c?, fit every vibration, in which case it may be known that 
iIk! w1i()|(; aj)y)aratus is well arranged. The ^^brating wire must 
i>*'> poirit(Ml and amalgamated, and may be of any length, from 
tt few incljcH to a foot or two. 

•Hi). UoTA'i ION OK A Wheel, similar to, but more simple^ than 
•pt(/, *281. 'I'll,} HaifKi force wliich throws the wire away from 




the mercury, will cause tlio ro- 
tation of a spur-wheel. For this 
purpose the conducting wire, in- 
stead of being suspended, as is 
tlie former eiperiment, must be 
fixeil Gnnlj to the arm, aa bbown 
by J^ig. 285. A support for the 
(uis of the wheel may be made 
by soldering a short piece to the 
side of the conducting wire, so as 
to make the form of a fork, the 
lower end of which niiist be fliit- 
t«ned with a hammer, and pierced 
with fine orifices, to receii-e the 
ends of the axis. 

The apparatus for a revoKing- 
wheel is, in every reapect, lika 
diftt already described for the vi- 
brating wire, except in that ahove 
noticed, the wheel mity be made 
of brass or copper, but must be thin and light, and si 
as to move freely aud easily The points of the notches must 
be amalgamated, which is done in a few minutes, by placing 
the wheel 'on a flat surface, and rubbing them with mercury 
by nieaus of a cork. A little diluted acid from the gal- 
vanic battery will facilitate tlie process. The wheel may be 
from half an ineli to several inches in diameter. A cent ham- 
mered thin, which may be done by heating it two or three 
times during the process, and then made perfectly round, and 
its diameter cut into notches with a file, will answer every 
purpose. 

This affords a striking and novel experiment ; for when every 
thing is properly adjusted, the wheel instantly begins to revolve 
OD touching wiUi one of the wires of tlie battery the mercury 
in the cup P, the other pole being in N. 

When the poles of the magnet, or those of the battery, are 
changed, the wheel instantly revolves in a contrary direction 
from what it did before. 

It is, however, not absolutely necessary to divide the wheel 
into notches, or rays, in order to make it revolve, though the 




rnotaon umomrMfidf md the ezpcfiment sueoeeds nndi better 

bj dttiigio. 

350. Elbctbo-Maosric LnKTcnov. — £xpenmaU prova 
that the paM$age qf ike galvamie cmrremt tkrompk a copper win 
renders inm ma^meOe when tn tJke mdmUy cf ike currtnL 
7%i$ is called ma^netk induetUm. 

The apparatus for this 
purpose is represented 
oy Hf^. 286, and con- 
nsts of a copper wire 
coiled, by winding it 
around a piece of wood. 
The turns of the wire 
should be dose together 
for actual ezpenment, 
they being parted in the 
figure to show the place of the iron to be magnetized. The best 
method is, to place the ccnled wire, which is called an eUctrkai 
helix, in a glass tube, the two ends of the wire, of course, pro- 
jecting. Then placing the body to be magnetized within the 
folds, send the galvanic influence through the whole by placing 
the poles of the battery in the cups. 

351. Steel thus becomes permanently magnetic, the poles, 
however, changing as often as the fluid is sent through it in a 
contrary direction. A piece of watch-spring placed in the helix, 
and then suspended, will exhibit polarity, but if its position be 
reversed in the helix, and the current again sent through it, the 
north pole will become south. K one blade of a knife be put 
into one end of the helix, it will repel the north pole of a mag- 
netic needle, and attract the south ; and if the other blade be 
placed in the oj)posite end of the helix, it will attract the north 
pole, and re})el the south, of the needle. 

352. TEMroRARY Magnets. — Temporary magnets, of almost 
any power, may be made by winding a thick piece of soft iron 
with many coils of insulated copper wire, and passing the gal- 
vanic injiuence through it. 

The best form of a magnet for this purpose is that of a horse- 
shoo, and which may be made in a few minutes by heating and 
bending a piece of cylinder iron, an inch or two in diameter, 
iwUi this form. 



300. What is meant by magnetic inrluction? Explain Fig. 286. What is the figure 
ealleii 7 3C1. Docs any substance become permanently magnetic by the electrica. 
aellx ? How may the poles of a magnet be changed by the helijr i '352. How mv 
ttmporary magnets be made ? 



TIIERMO-ELE DTRICITT. 

The copper wire (bell wire) may be insulated by v 
■with cotton thread. If this can not be procured, common b 
net-wire will do, though it makes less powerful magnets tl 
copper. 

353. The coils of wire 
mny begin near one pole 
of the magnet and term- 
inate ne^the other, as 
rapreseolfc by J^iff. 287, 
or the wire may consist 
of shorter pieces wound 
oyer each other, on any 
part of the mHgoet. Id 
either case, the ends of 
the wire, where seveni! 
pieces are used, must be 
soldered to two strips of 
tinned sheet copper, for 
the combined positive 
and negative poles of the 
wires. To form the m^- 
net, these pieces of cop- 
per are made to communicate with thp poles 
means of cups containing mercury, as show 
by any other method. 

354. The effect is surprising, for on completing the circuit 
with a piece of iron an inch in diameter, in the proper form, and 
properly wound, a man will find it difficult to pull off the arma- 
ture &om the poles ; but on displacing one of the galvanic poles, 
the attraction ceases instantly, and the man, if not careful, will 
fall backward, talcing the armature witli him. Magnets have 




been constructed in this manner, which would suspend t^.^_ 
thousand pounds. ^H 

THKBBO-Bl.ECTKlCm. ^H 

365. This means electricity by heat, and its principles will 
be understood, when it is stated that if any two metals of dif- 
ferent kinds be joined together and then heated, a current ol 
electricity will pass from one to the other. Thus, if two wirea 
of a few inches in length, German-silver and bra!s, have their 
ends soldered together, and the junction heated with an alcohol 
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each other wiUi their alternate endi loldered together. Slriia 
of paateboard are placed between the adjacent met^ w ^ 
tliej touch only at the ends where they are soldeTed. Now hj 
bea^ng the end opposite the poles with a spirit Utnp, and hnog- 

i: the poles in contact, an electrical cnnent will flow from aw 
e or pole, to the other, in the direction 4^ the arrowa. 
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Sb7. The art of corering the base metals, as copper, and tlM 
allovR of zinc, tin, &t:., with gold and eilrer, as also of copying 
moJnlii, by roraiiH of the electrical current, ia called eUelrotgjit 
or imltalypt. 

'Jliis now art ii founded on the simple &ct, that when the 
gulvnnic iiifluence is passed through a metallic solution, ander 
<wrt«in conditions, decomposition takes place, and the metal is 
dnjiwiltJ'd in it» pure form on the negative pole of the batteiy. 

I'hii tboury by which this effect is explained is, that the 
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hydrogen evolved by the action of the acid on the positive pole 
of the battery combinea with the oxygen of the diisolvud metal 
foiming water, while the metal itself thus set free, is deposited 
at the negative side of the battery. 

Many of the base metals, as copper, the alloys of zino, and 
tin, may by such means be covered with gold, or silver, and thus 
a cheap and easy method of gilding and plating is effected. 

This art, now only a few years old, has excited great interest, 
not oniy among men of science, but among mechanics, ao that 
in England many hn^dreda, and perhajjs thousands of handa 
are already employed in silvering, gilding, and coppering, taking 
impressions of medals and of copperplates, for printing, and or 
performing such other work aa the art is capable of Volumes 
nave been written tu explain the difierent processes to which 
this art is ap]ilicable, and considering its recent discovery and 
the variety of uses to which it is already applied, no doubt can 
exiet that it will finally become of great importance to the world. 

In this short treatise we can only introduce the pupil to the 
subject, by describing a few of the most simple processes of the 
question, and this we hope to do in so plain a manner, 
iny one of common ingenuity can gild, silver, or copper, 
(vnd take impressions of medals at liis leisure. 

368. CopriNO of Mkdalb. — ^Tliis new art has been appUed 
fery eitensively in the copying of ancient coins and medals, 
■irhieh it does in the utmost perfection, giving every letter, and 
leatnre, and even' an acddental scratch, exactly like the original. 
When the coin is a cameo, the figures or letters .j'-ing raised, it 
fa obvious that if the metal be cast directly upon ./ , the medal 
will be reversed, that is, the figures will he indenteJi and the 
copy will be an intaglio instead of a cameo. To remeiiy this, a 
cast, or impression must first be taken of the medal, on which 
the electrotype process b to act, when the copy will, in all re- 

i^wcts, imitate the original. 

J There is a variety of ways of making such casts, according to 

file substance used for the pnrpose. We shall only mention 

plaster of Paris, wax, and fusible metal. 

369. Plaster Casts. — When plaster is used, it must be, 
what is termed baked, that is, heated, so as to deprive it of all 
mobture. This is the preparation of which stereotype casts are 
made. The dry powder being mixed with water to the con- 
iietence of cream, is placed ou the medal with a knife to the 
thickness of a quarter oi half an inch, according to its size. 
% lew minutes the plaster aeU, as it is termed, or becomeB h 
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cate withthe whole tee of the medal 

860. Wax GAon.— To oopj medaUkna of phater of tm, 
phioe the cast in wann water, eo that the whole maybe aatan- 
ted with the water, bat keeping the fiu» ahofve it. When tba 
cast hat beoome warm and uMist, lemove^ and haiii^ pot a 
olip of paper aroand its rim, immediately poor into the cnpthai 
formed Inbcs wax, ready melted far this porpoee. Li this wqr 
eopies maybe taken, not only from pbster omIb, hot from dioie 
of other sulstsDoes. 

To rer 2er the surface of the wax a oondnctor of electiidtj, it 
18 to Ve covered with black lead in the manner directed for 
plaster casts. This is put on with a soft brush, until it becomes 
bla'J[ and shining. 

The electrical conductor is now to be heated and pressed upon 
the edge of the wax, taking care that a little of its sur&ce is kft 
naked, on, and around which the blade lead is again to be 
rubbed, to insure contact with the whole sur&ce. 

Both of the above preparations require considerable ingenuity 
and attention, in order to make them succeed in receiving the 
copper. If the black lead does not communicate with the pole, 
and does not entirely cover the surface, or if it happens to be a 
poor (quality, which is common, the process will not succeed ; 
out ^)aticnce, and repeated trials, wiUi attention to the above 
descnptions, will insure final success. 

801. Fusible Metal Casts. — ^This alloy is composed of ft 
parts of biHinutli, 5 of lead, and 3 of tin, melted together. It 
melts at about the heat of boiling w^^r, and hence may be 
'^■ad in taking casts from engraved stones, coins, or such other 
iubitances as a small degree of heat will not injure. 
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f To take a cast witli this alloy, surrouDii the edge of the medrfj 
to be copied, witJi a slip of paper, by roeana of paste, so as to 
form a shallow cup, the medal being the bottom. Then hav- 
ing melted the alloy in a spoon, over an alcohol lamp, pour it 
in, giving it a sudden'blow on the table, or a shake, in order to 
detach any air, which may adhere to the medal. In a minute 
or two it will be cool, and ready for the process. 

Another method is, to attach the medal to a stick, with seal- . 
ing-wax, and having poured a proper quantity of the fused alloy , 
on a smooth board, and drawn the edge of a card over it, tog 
take off the dross, place the medal on it, and with a st«ad]H 
hand let it remain until the east cools. I 

Next, having the end of the copper wire for the rine pollifl 
clean, heat it over a lamp, and touch the edge of the cast theifr J 
with, 80 that they shall adhere, and the cast wiU now be readjr 
for the galvanic current. 

To those who have had no experience in the electrotype a 
(his is much the best, and most easy method of taking copi< 
as it is not liable to failure like those requiring the surfaces a 
the molds to be black leaded, aa above described. 

382. GALViNio Akranqemknt.— Having prepared the moldi 
as above directed, these are next to he placed in a solution 
the sulphate of copper, {blue vitriol) and subjected to the e!eo 
trical current. For this purpose only a very simple battery '{| 
required, especially where the object is merely a matter t' 
cariosity. 

For small experiments, a glass jar holding a pint, or a pitcher 
or even a tumbler will answer, to hold the solution. Provid* 
also a cylinder of glass two inches in diameter, and stop th 
bottom with some moist plaster of Paris, or instead thereof^ ti 
around' it a piece of bladder, or thin leather, or the whole cylia 
der may be made of leather, with the edges sewed nicely to- 
gether, and stopped with a cork, so that it will not leak. The 
object of this part of the arrangement is, to keep the dilute sul-. 
phuric add which this contains, from mixing with the solution of 
sulphate of copper, which surrounds it, still having the texture' 1 
of this vessel so spongy as to allow the galvanic current to pa*»H 
through the moisture which it absorbs, water being a good coB^ 
ductor of electricity. ^ 

Provide also a piece of zinc in form of a bar, or cylinder, or 
slip, of such size as to pass freely into the above described 
cylinder. 

Having now the materials, the arrangement will readily 
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If the add in the inn^r crlioder ii too ibon^, the pioe^M a 
often too ngorouB, and the depoeitioD, instead of being a film 
of solid copper on the cast, wUl be in the fono <^ bidsU grvm 
on the 1ow>:r end of tie wire. Tlie weakest power consistait 
witli predpitntion shuuld therefore be applied. 



SC.I. Thin is an improved method o( copfinj; casta, or molds, 
m cojiper. It wjnaisls of two glass vessels, each holding a pint, 
or li'H'i, oni! of wliicli holds the battery, and the other the de- 
iKwiting upjiaretuB. These arrangements will be nnderstood 
l>y /-'iff. '200, of wliich 1 is a little mercnry on Uie bottom of 
the vesHi'l, ci>nt4Uning tlie battery. Just above this is a piece 
'if pliilinum foil, suspended in the center, A piece of linc, 4, 
n«U against the side of the vessel. A curved copper wire, 3, 
dnwNiiidN through the liquid, insulated by a glass tube. Tliit 
wirci, l)y tljn iiictrcury, connects the zinc plate with tlie metallio 
I'liIJ iiti tlic) top of the jar, and by the wire, 2, with the other 

IHr. Tim wire, fi, descends from the screw-cup into the depos- 
_ ting iy.|l, to the cikI of which the cast, 6, is suspended. The 
' pUta 7, i« a piooo of copper auspended in the solution of sulphate 
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always of the 
strength, a portjon being 
dissolvod, while another 
portion is deposited on 
the cast. 

The liquid in the bat- 
tery is coinpoEed of one 
part sulphuric acid, and 
20 or 30 of water. That 
in the depositing side, is 
composed of 2 ounces of 
aulpliate of copper, 1 ounce 

of Hulphurie acid, and 15 sma'i Bauiy. 

ounces of water. 

The general directions for obtaining casts have been given 
above, and need not be repeated. 



364. The apparatus. Fig. 291, is designed to communicate 
strong and permanent magnetism to steel. It consists of a 
small Sniee's battery, with its opposite poles connected with t}ie 
liorizontal U magnet, which is closely woand with insulated 
oopper wife. Of course the wires convey the electrical influence 
^from the positive to the negative sides of the batterr. 




The cut represents a U magnet in the process of being laea- 

neUzed. This is done by drawing it from the bend, across the 

dectro-magnet to the poles, and repeating this on both its sides, 

I taking oare to do it in the same direction. A steel bar may be 
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mfl^etized by the same process, or, if a short one, by applying J 
it as an armatare to the poles of the electro-magQet ; thenoim.'j 
pole becoming the south pole of the new magcct. 

366. To remove the magnetism of a steel magnet of the I 
fbnu, it is only required to reverse the process, that is, to plaoa^ 
one of its poles on eacb pole of tie electro-magnet, and draw n % 
over them, in the direction contrary to the mdication c' ""' 
arrow seen in the figure. 

In the vertical magnet, tbe letters N S, indicate its north andl 
south poles. 



a66. Gilding vnihotit a Battery. — After the solution is 
pared, the process of electrotype-gilding' is quite simple, and 
be performed by any one of common ingenuity. 

The solution for tbis purpose is cyanide of gold dissolred in 
pure water. This is prepared by dissolving the metal in aqua- 
regia, composed of one jjart nitric, and two of muriatic acid. 
Ten or fifteen grana of gold, to an ounce and a half of the 
aqua-regia may be the proportions. The acid being evaporated, 
tbe salt which is called the chloride of gold is dissolved in a 
solution, made by mixing an ounce of the cyanuret of potasli 
with a pint of pure water. The cyanuret of potash is decom- 
posed and a cyanide of gold remains in solution. About 80' 
grains of the chloride of gold ts a proper quantity for a pint 
the aolution. The cyanuret of potash, and tie chloride, 
o*yd of gold, may be bought at the apothecaries. 

Having prepared the solution, tbe most simple method of 
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gilding is to pour a quantity of it into a glass jar, or a tumbler, 
and place in it the silver, copper, or German-sUver to be gilded, 
in contact with a piece of bright zinc, and the process will im- 
mediately begin. No other battery, except that formed by the 
ane, and metal which receives the gold, is required. The rino 
at the point of contact must be bright and well fastened to the 
other metal by a string or otherwise. The process will be 
hastened by warmth, which may be applied by placing the jar 
and its contents in a vessel lA warm water. So far as the aatnoi 
knows, this simple process originated witb himseHJ and answeit 
admirably as an experiment in tbe electrotype art The gold, 
however, is opt to settle upon the zinc, but which may he pre- 
vented by a little shellac varnish rubbed on it, except at the 
point of contact. Tl)e handles of scissors, Nlver spectacles, pen- 
dls, &C., may be handsoniely gilt by this process. — 
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^■887. OiLDiKG WITH A Uattbrt. — If the operator desires to 
extend Lis experimenta in the art of electro- gilding, s small but- 
lery must be employed, of which there nre many varieties. 
The best for more extensive operatjons, is that composed of 
platinized silver, and amalgamated zinc 

For this purpose the platina is first dissolved in aqua-regia, 
in proportion of 10 grains to the ounce, and then precipitated 
on the Bilver. The silver is in sheets, such as is used for plating, 
- no thicker than thin writing paper. This may he obtained of 
the silver- platers, and being well cleaned, is ready for the process. 

These plates being covered with platina, are insoluble in the 
acid employed, and hence they will last many years. The amal- 
gamated piatea are also durable, and do not require cleaning. 

368. lliese platinized sheets are confined between two plates 
of amalgamated zinc. The process of amalgamation consists in 
rubbing mercury, with a little mass of cotton wool held in the 
fingers, oh the clean ainc. These plates may be fixed half an 
inch apart by means of little pieces of wood, with the sheets be- 
tween them, but not touching each other. The plates, having 
a metaQic connection, form the positive side of the battery, 
while a copper wire soldered to the silver sheet makes the nega- 
tive side. The dimensions of these plates may be four or five 
inches long, and three or four wide. 

For experimentjJ purposes, however, a less expensive battery 
may be used, that represented by Fit;. 289, made of copper and 
EJnc, being sufficient. 

To gild by means of a battery, place the solution, made as 
above described, in a glass vessel, and connect the article to be 
gilded with the pole coming from the zinc side of the battery, 
letting the other wire, which should be tipped with a little piece 
of goid, dip into the solution. Tlie gilding process will imme- 
diately begin, and in three or four liours a good coat of gold 
will be deposited on the article immersed. 

To keep the solution quite pure, the tipa of the poles where 
they dip into the fluid ahonid be of gold. If they are of copper, 
a portion of the metal will be dissolved and injure the reaiilL 



369, The process of silvering copper, or the alloys of the 
metals, such as German-silver, is done on the same principle as 
that described for gilding, but there seems to be more difficulty 
in making the process succeed to tlio satia&ction of the artist 
than there is in depositing gold. 
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This solution is much bettw than that {wepared bydiasolviiig 
die Sliver separately in an acid, and then re-diasolTing in die 
(^ranoret of potash as is nsaalty done, far in the latter case tho 
Silver is apt to be deposited on German-silver, brass, iron, and 
other metals, without the galvanic action, in which case it does 
not adhere well, whereas uie solution made as above directed 
is not liable to this imperfection. 

During the preparation of the fluid, only a Yery small copper 
wire should be employed on the zinc side of the battery. 

The articles to be plated must be well cleaned before iomier- 
sion. To effect this, dip them into dilute sulphuric add for a 
few minutes, then rub taem with sand or whiting, and rinse in 
pure water. 

Now having exchanged the small copper pole of the zinc side 
of the battery, for a larger one of the same metal, tipped with 
silver, connect the article to be plated with this, the other pole 
with the silver plate attached being still immersed in the solution. 

The process must now be watched, and the silver attached to 
the copper side raised nearly out of the fluid, in case bubbles 
of hyarogen are observed to rise from the pole on the other 
side, or the articles attached to it The greater the sur£su» of 
silver in the fluid, the more energetic will be the action, short 
of the evolution of hydrogen from the other pole, but when this 
is observed, the decomposing silver must be raised so &r out of 
*he fluid as to stop its evolution. 
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^ By this method a thick and durable coat of silver may be 
placed on old copper tea-pots, candlesticks, or other vessels of 
this sort, where the silvering haa been worn off by long use. 




JJegcription. — This Figure 292 represents the curious ai 
striking effect of a small jet of water in suspending a cork ring 
in the open air. In the instance to be described, the source 
of the jet is about fourteen feet above the level of the fountain. 

The iron tube leading to the jet, is about sin feet high, and 
the aperture of the jet-tube, the tenth of an inch 
which the stream rises to the heiglit oi iiyas oi ^ta 1<mX- 
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Wnen Uie air is stilt dia ring will ramaiB ia its phoe iir 
an J lenMb ci time, aa fhaa eteaii^ till iBonuiu^ or danDg 
twenty-roar hours, as we have often witnessed. R is obnoai 
that a slight wind will insure its fidl, by fondng the jet^out of 
the vertical direction. 

The question, by what counteracting forces this phenomenon, 
so striking and interesting to every beholder, is explained, re- 
mains to be demonstrated by those who are acquainted witli 
the laws of dynamics. 

The principle by which th^e rings are suspended, is ob- 
viously quite different from that by which balls are raised by 
jets of water. K any one will send the author a popular de- 
monstration of it, the next edition shall contain the same, 
rhe author does not claim this experiment as his invention, 
though he has never seen it except at his own fountain. 

DESCRIPTION OF A WHERL TURNED BT THE UPWARD FORCE OF A 

HTDRAUUG JET. 

The annexed figure represents a wheel turned by the same 
force by which the rings are made to revolve, already described 
in the foregoing page. Fig. 292. 

This little machine consists of two wheels, A and B, runniDg 
on the same axis, supported by slips of sheet brass, fixed to a 
•®<«cet, which fits tne end of the iron tube conveying the 

*^» and from which also ariae& the ^et tube^ the tenth of an 
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The small wheel 
B, which is the 
water-wheel, ia 
two and a half 
inches in diame- 
ter. The buckets, 
eight in number, 
are made of com- 
mon tin, a little 
hollowed on the 
lower side, and 
are in length 
about three quarters of a 
the under side of tliese, foi 
18 moved. 

The larger wheel A is eight inches in diameter of thin 
wood, and like all parts of the machine la toieri-d ly several 
coats of oil paint, so as entirely to exclude the water The 
aide shown .is divided into compartments of variously colored 
circles, so that when in motion these colors are blended eaeh 
into a single color, presenting a very strilting chromatic ex- 
periment. It3 elevation on the top of the iron tube is abotib 
six feet from the basin into which the water {alls. The other 
■ide preaents the solar spectrum, the seven colors being painted 
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in tlieir respective pre portions to each other, so as to form 
white by revolution, when the wheel is in motion. Experi- 
ment, however, shows that it is not without difficulty that a 
pi^rfi>ct white is presented by such means. This subject is ex- 
plained and illustrated at page 271. 

DAGUBUIXOTTPB. 

374. Tliis branch of photography was the invention of M. 
l):igii«»rre, an ingenious French artist, and is entirely independ 
ent <»f the art of taking impressions on paper, as above de- 
scribed. In tbat the pictures are reversed, in this they are in 
the natural position, and instead of paper, the picture is on 
silver. 

As an art,, this is one of the most curious and wonderfol 
discoveries of the present age ; for when we witness the variety 
of means necessary to the result, it would appear equally im- 
probable tliat either accident or design could possibly have 
produced such an en«l by means so various and complicated, 
and to which no other art, (save in the use of the camera 
ol>scura,) hits the least analogy in the manner in which the ob- 
ject is accomplished. 

This IxMn;^ a subject of considerable public interest, aod, 
withal, a vstrictly jjhilosophical art, we shall here describe all 
tlu» inanipuhitions as tliey succeed each other in producing the 
rt-'sult, a human likeness. 

The whole ])rocess may conveniently be divided into eight 
distinct operations. 1st. rolisliinir the i)late. 2d. Exposing it 
to the vapor of iodine. 3d. Exposing it to the vapor of bromine. 
411i. Adjusting the plate in the camera obscura. 5th. Exposing 
it to the vapor of mercury. Gth. Removing the sensitive 
coating. Vth. Gilding the picture. 8th. Coloring the picture. 

1. Polish inff the Plate. — The plates are made of thin sheets 
of silver, plated on copj^er. It is said that for some unknown 
reason X\w photograj)hic impression takes more readily on these 
plates, than on entire silver. The silver is only thick enough 
to ]>revent reaching the copper in the process of scouring and 
j)olishing. 

The polishing is considered one of the most difficult and im- 
portant manipulations in the art, and hence hundreds of pages 
have been written to describe the various methods devised and 
employed by different artists or amateurs. 

We can only state here, that the plate is first scoured with 
emery to take off the impressions of the hammer in plenish- 
ing ; then pumice, finely powdered, is used, with alcohol, to 
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removd all oily matter, and after several other operations, it is 
finally given the last finish by means of a velvet cushion cov- 
ered with rouge. 

2. Iodizing the Plate, — After the plate is polished, it is in- 
Btantly covered from the breath, the light, and the air, nor 
must it be touched, even on the edges, with the naked hand ; 
but being placed on a Httle frame, with the face down, it is 
carried to a box containing iodine, over which it is placed as a 
oover. Here it remains for a moment or two in a darkened 
room, being often examined by the artist, whose eye decides 
by the yellowish color to which the silver changes, the instant 
when the metal has combined with the proper quantity of 
iodine. This is a very critical part of the process, and requires 
a good eye and much experience. The vapor of iodine forms 
a film of the iodid of silver on the metal, and it is this which 
makes it sensible to the light of the camera, by which the pic- 
ture is formed. If the film of iodine is too thick, the picture 
will be too deep, and dark ; if too thin, either a light impres- 
sion, or none at all, will be made. 

3. JSxposure of the Vapor of Bromine, — Bromine is a pe- 
culiar substance, in the liquid form, of a deep red color, ex- 
ceedingly volatile, very poisonous, and having an odor hke 
chlorine and iodine, combined. It is extracted from sea water, 
and tfie ashes of marine vegetables. 

This the photographic artists call an accelerating substance, 
because it diminishes the time required to take the picture in 
the camera obscura. 

The iodized plate will receive the picture without it, but the 
sitter has to remain without motion before the camera for sev- 
eral minutes, whereas by using the bromine, the impression is 
given, in a minute, or in a minute and a quarter. Now as the 
least motion in the sitter spoils the likeness, it is obvious that 
bromine is of much importance to the art, especially to nervous 
people and children. 

The bromine is contained in a glass vessel closely covered* 
and is appHed by sliding the plate over it for a few seconds. 

4. AdjtLsting the Plate in the Camera, — The plate is now 
ready for the photographic impression by means of the camera. 
If a likeness of a person is to be taken, he is already placed 
before the instrument, in a posture which the artist thinks will 
give the most striking picture, and is told that the only motion 
he can make for a half a minute to a minute, is vnnking. 

The artist now takes the plate from a dark box, and under 
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eover of a black doth fixes it in the focus of the lens. This is 
done in a li^ht room, with the rajs of the sun diffused bj 
means of white curtains. 

T!ie artist having lefl the sitter for the specified time, returns, 
and r^'Hioves the plato for the next operation. Still, not th^. 
li'a^t vuiMe chanirc has Uiken place on the bright surfsure of 
BilvtT. If examiiKHl ever so nicely, no sign of a human face 
to 1h' HM-ii, and the sitter who sees tlie plate, and knows nothii 
of ili«» art, wonders what next is to be done. 

5. Kx^n>»urc io iJie Fumes of Mercury, — ^The plate is next 
exposed to the funics of mercurv. This is contained in an 
iron box in a darkened roonx, and is heated by means of an 
alcohol lamp, to about 180 degrees, Fah. The cover of the 
box being removed, the })late is laid on, with the silver side 
down, in its stead. 

After a few minutes, the artist examines it, and by a fsunt 
light now sees that the desired picture begins to appear. It is 
again returned for a few minutes longer, until the likeness is 
fully developed. 

If too long exposed to the mercury, the surface of the silver 
turns to a dark ashy hue, and the picture is ruined ; if re- 
moved too soon, the inij)re.ssion is too faint to be distinct to the 
eye. 

G. Ranoval of the Sensitive Coating. — The next operation 
consists in tlio removal of tlio iodine, which not only, gives the 
silver a yellowi.sli tiiiL^*, but if suffered to remain, would darken, 
and finally ruin the jjicture. Formerly this was dpno by a 
solution of coniiiion salt, but experiment has shown that the 
peculiar chemical compound called hijposulphate of soda^ an- 
swers the purpose far bettor. This is a beautiful transparent 
crystalized salt, ])repared by chemists for the express purpose. 

A solution of this is poured on the plate until the iodine is 
entirely removed, and now the picture, for the first time, may 
be exposed to the lip^lit of the sun without injury, but the plate 
has still to be washed in ])ure water, to remove all remains of 
tne hyposulpliato, and then heated and dried over an alcohol 
lamp. 

7. Gilding the Picture, — This is called, fixing^ by the chlo- 
ride of gold. 

Having washed the picture thoroughly, it is then to be placed 
on the fixing stand, which is to be adjusted previously, to a 
perfect level, and as much solution of chloride of gold as the 
^lato can retain, poured on. The alcohol lamp is then held 
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under all parta of it succoasively. At first the image 

a dark color, but ia a few miuutes grows Dglit, and acquires an 

intense and beautiful appearance. 

The lamp is now removed, and tHe plate is t^ain well washed 
in pure water, and then dried by heat. 

Before gilding, the impression may be removed by repoJsh- 
(pg the plate, ween it is perfectly restored ; but after gilding, no 
tiolishing or scouring will so obliterate the picture, as to mako 
It answer for a second impresaion. Such plates are either sold 
for the silver tliey contain, or are re-plated by the electrotype 
process. 

fl. Coloring the Picture. — Coloring daguerreotype picti 
IS an American invention, and has been oonsidered 
though at the present time it is done with more or le: 
, by most artists. 

The color consists of the oxyds of several metals, ground 
An impalpable powder. They are laid on in a dry state, with 
Boft camel-hair pencils, after the process of glding. The plata 
is then heated, by which they are fi.'ied. This is a very deli- 
cate part of the art, and should not be undertaken by those 
who have not a good eye, and a light hand. 

The author is indebted to Mr. fl! G, Burgess, of 192 Broad- 
way, New York, for much of the infoimation contained in the 
above account of the daguerreotype art. Mr. B. is an experi- 
enced and expert artist in this line. 
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375. The means by which Mr. Morse has produced his 
der-working and important machine, is the production of « 
temporary magnet, tiy the influence of the galvanic iJuid. 

We have already described the method of making tempo- 
rary magnets of soft iron, by covering the latter with msulated 
copper wire, to each end of which the poles of a small 
vanic battery is applied. 

The description of Fig. 287, with what is said before oi 
subject, will inform the student how the power is obtMned by' 
which the philosopher in question has brought before the world 
■uch wonderful and unexpeeted effects. 

The machine itself ia sufficiently simple, and will be compre- 
liended at once, by those who have made electro-magnetio 
ciperimenlG, by the annexed diagram and description. 

The temporary magnet A, Fig. 294, enveloped with its insu- 
lated copper wire, is fastened to the wooden frame B G, by 
Bienns of cords or ollierwisc. 

17 
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Principle tf Morst't Ttie^rtgtk. 

Tills frnin<' aW) Mij»iM»rt«« tlio stamlanl II, which siu«tains the 
r«.*volvinir <lnun F, on whicli the ]>ai»iT to n c ive the emblem- 
ftliral aI|IiaU4 is tix«d, M heiii;; tii«.' odir*^ ot'lhe jtajKT. 

To th«' arm (i, is apjiondid iho h-wr C, of w<.H/d, which hns 
fi sliirht vi'itiral nn»ti«ni, in niK* dir**cti<)ii hv iIjo sttfl spring D, 
and in th«' oth»T, hv tin* arnuitur*- <it* soft irun K. 

Th«* two jM)l«'s nf tli<* niMi;n«'l n-.-t in twu litilo cu}>s vf inor- 
curv, into w]ii«h ar* also to 1m* j»hniLr«d the pnlt^s of th** ina;^- 
iiitic hatt<TV, (not ^Imwn in tl»«^ tlrawintr.) of which P L^ the 
))Ositiv<*, ami X tli«' iw»«^ativ»*. The ^t»'»'l j»oint I, attached to the 
i«?v«;r, is <h'sii::!i(Ml to nwirk th(? t«'l<;irraj>lnc alpliabet on the ^.aper. 

llavinif thus »x| lainc*! the nn'chanisni, we will now show in 
what manner this machine acts to convey intelliijenco from one 
j.arl of the conntry to another. 

It has already Ix'cn t'Xplaiiit d that when a bar of soft iron 
RinTonndf <1 hy insnlatc<l cop])er wire, as shown at A, has its two 
poles connected with the jioles of a pjalvanic battery, the iron 
instantly becomes a magnet, but returns to its former state, 
or (Masj's to be mai^netic, the instant the connection between 
th<*m ceas<*s. 

'I'o br(<ak the connection, it is not necessary that both of the 
jioles should be dcttached, the circuit being broken by the sepa- 
ration of one. onl) . 

Sujjposing tlK'ii, that N and P are the })oles of such a bat- 
t^JTj oil i>lacing N into the cup of mercury, the wires from the 
•oft iron being already there, the armature E is instantly at- 
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tracted, which brings the point I against the paper on the re- 
volving wheel F. If N is instantly detached after the point 
strikes the paper, then only a dot will be made, for the mag- 
netic power ceasing with the breaking of tho circuit, the spring 
D withdraws the point from the paper the instant the pole 
is removed. 

K a line is required in the telegraphic alphabet, then the 
l)ole is kept longer in the vessel of mercury, and as the alphabet 
consists of dots, and lines of different lengths, it is obvious that 
writing in this manner can not be difficult. The understanding 
of the alphabet is another matter, though we are infoimed that 
this may be done with facility. 

The marks of the point I, are made by indenting the paper, 
the roller on which it is fixed being made of steel in which a 
groove is turned, into which the paper is forced by the point 
The paper is therefore raised on the under side like the printing 
for the blind. 

The roller F is moved by means of clock-work, having an 
uniform motion, consequently the dots and lines depending 
on the time the point is made to touch the paper, are always 
uniform. 

Now with respect to the distance apart at which the tem- 
porary magnet and writing apparatus, and the battery are 
placed, experiment shows that it makes little difference with 
respect to time. Thus, suppose the battery is in Hartford, and 
the magnet in New York, with copper or iron wires reaching 
from one to the other. Then the telegraphic writer at Hartford, 
giving the signal by means of an alarm bell, that he is ready to 
communicate, draws the attention of the person at New York to 
the apparatus there — the galvanic action being previously broken 
by taking one of the poles from the battery at Hartford. 

If now we suppose the letter A is signified by a single dot, 
he at Hartford dips the pole in the cup of the battery, and in- 
stantly at New York the soft iron becomes a magnet, and a dot 
is made on the paper, and so, the rest of the alphabet. 

The wires are carried through the air by being wound around 
glass caps supported by iron L shaped arms, which are driven 
into wooden posts about 20 feet from the ground. These posts 
are erected for this purpose chiefly on the railway lines from 50 
to 100 feet apart. 

VELOCITY OF ELBCTIIICITY. 

376. The long experience of the officers of the United States 
government on the coast survey, with tfeW^^^Xsysi. \jij8r^0k«*^ 

{ 
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(OuiblMl (hiiin lu metwure tlie velocity' of the galvanic curreatfl 
willt unwiaiuoD accuracy. From experiments and calculitioiK- 
tbo* madt, it k|>peara tliat its velocity b about fftttn thoxuaad 
four httttdrvi mittt jitr teeond. 

The period of its tranail between Boston and Bangor, was it" j 
oently memured, and the result was, that the tjme o ■ - • 
i(« i>«Mag«, was the one hundrtd and sixtieth of a gee 
cording lo tliis experiment the Telocity is at the rat« of I6,0Wl 
tnilni per second, which it appeare b about 600 miles per second 
mote tlion thu estimates mude on the coast survey. — Annual 
Scientifie DiaeoveritM. 

Trieyrapha in the Ceninlry. — According to a recent estiniflie, 
' Iho Ipiijtlli of telegraphic Unea in the countij, in actual opera- 
tioD, is net fkr from 15,000 miles. 

The most remote points in conmmnication are Quebec and 
New Orleans; tbeJr distances apart, following the circuitous 
roul.'^ i.f Uii' nir..'s )i'[uz about a,Oi_H> miles. 

Svmbtr ^ SlatioM. — ^The aombor of town ucl vilbges as- 
wmiiiUliiif with rtatioM, and from vhieh, thn^bfo, mlsIS- 
MM I7 tekgraf^ from (mw to (he othor, ot from odo to all 
BM othtts can ba mtardiaiigad, an betwoan iSO and SOO. . 



379. This instrmnent, one of the wonders of onr time, printo 
all communications in Roman capitals, and tliat much mora 
rapidly than the most expert compositor. 

To go into a description of all its parts would probably so 

■aonfuse the mind of the reader, that in the end none of it would 

I miderstood. We shall, therefore, describe only such portions 
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of the machinery as are necessary to show how the result is 

In the first place, when a, communicstioQ is to b« made from 
ona city to another, notice ia given, bj an electrical current on 
the wirra, which occaaiona a vibration of a pai't of the ma- 
chinery, and by which the attendant knows that a message ia to 
be sent. At every station there is an electrical batteiy, con- 
sisting of 12 or 14 cups, the power most commonly usea being 
that known as Grove's battery, a description of which may ba 
seen in another place. 

The forms of all visible parts of the instrument are shown by 
Fiff. 295. That portion by which the printing is performed 
consists of a soft iron, or electro-magnet contained in the cylin- 
der A, of an escapement B, moved by condensed air, by means 
of the pump O, above which is seen the baud by which that 
part of the machinery is turned ; D is the printing apparatus, 
the projecting portion being the lever ; E is the inking band!, 
by which the type are inked for printing ; F is a strip of paper 
for printing. 

Fia. au 




Printing TV^rapk. 



This engine is moved by a boy, who turns the wheel by the 
levpr shown, and by which air is condensed bj tlie pump G, and 
by the force of which, the printing portion of the mactiinerr u 
brtiuted. 
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The action of the electricitT in this telpgraph is merelr to 
produce a corrH^pond^nce of motion in the machinery at the 
difierent en. is of the line. All the mechanical results are pro* 
duoed bv l<x;al, mechanical power, connected with the printiDg 
apparatus nt each station, where manual force is employed for 
thiA purp<<»e. 

378. The l'*tters on the keys movinflrby the touch like thoe© 
of the piano, are the iastrumvnt8 by which the different letters 
are, one by <>nc, j»rinted from one station to the next. Thus 
one Hter nf the 26, on the different keys, will be printed at the 
other «'nd of the line, wh«n that letter is depressed. This is 
done by con\erting a piece of soft iron into a maprnet at the 
next station, on the j»rinciple already explained and illustrated, 
in the description of Morse's telegraph, only that the letter, 
instead of the i>oint, is made to act or advance. 

Tliis is a most complicated machine &s a whole, though its 
different parts are sufficiently simj»le. The effoct, though the 
means ar«i so ditBcult to understand, is hitrhlv curious and inter- 
esting, as it j-rint* Roman capitals at the rate of 150 or 200 in 
a minute. This is done on strips of paper an inch wide ; and 
when in ojH*ration, any one may print a sentence, as his own 
name, by toiuliing the keys on which the letters are placed* 
which sjKjlls the sentence. 

PRINTING PREflB. 

3*78. It is said that the Chinose printed from blocks of wood, 
with ]«*tt(Ts <'nirravod on them, before the Christian era. 

Hnt the fir^t printing on metallic tyj^e, was executed on the 
ceh'bratrd Mcntz liible, in about 1450. The next specimen of 
printinix known was the Psalter, done in Germany, in 1457. 

It is said tliat these lx>oks are printed in such a style of 
l)eanty and finish, as to command the astonishment of all 
pniitors who Ix'liold tliem, and tliat even at ' ».^ present day, 
with all our boasted inventions and improvements in the arts, 
it is dilVicult to imitate, and hardly possible to excel, these as 
Bpcciiii.'iis of work in the art of printing. 

Of tli(i mechanical means by which printing has been, and 
slill is pcrfornu'd, many singular and curious examples might 
be (hiscribed, but our limits will only admil descri})tions of two 
figures, rcprosciitiiig Raniage*s press and the cylinder press. 

JJ^O. /\*((7ft(t(/r\s /Vr.sw. — This press was that most conmionly 
Used on \n){\\ si(l<'S()f the Atlantic, until within the last 20 years 
"' addition \i> this, the Stanhope and Smith ])resses were used 
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■ in England, and the Clymcr and Washington in thia countiy. 
These may be considered na varieties of the Kamage ; and their 
deacription would possess no interest, eiccpt to tie antiquat^id 

!irint«r who had worked at ihem with the inking balls, now 
ong since disused, as we shall see> 

The Ramage press is repre- no. sm. 

sented by Fiff. 296, and will be 
understood by the following de- 
scription : The ckeekt A A, are 
the sides of the wooden frame 
which suppoi'ta the other parts, 
and sustains the force of the 
siTrew bv which the impression 
is made'. The bed E, is that 

p^rt on which the type are liud __ ™____ 

for printing. The ball C is seen Ramase-t Preu. 

on a little shelf, called the rack, 

made for that purpose. [Tliis will be described hereafter.] 
The/risitff, F, turns down, and confines tlie sheet on the tywr- 
pan. The bar or lever L, turns the screw by which the force 
is given and tlie impression on the type made. The platen, P, 
is fastened to tlie lower end of the screw, being the part by 
which the impression is made. It is of east iron, about two 
feet square, thick at the center, and strong, so as to give a 
heavy force. The tymjtan, T, is covered with parchment to re- 
ceive the sheet, confined by the fiisket, and then run under the 
platen to be printed. 

Aetioti. — Ihe type being set, and locked firmly in an iron 
fratsf^, called a, form, thi'? is laid on tlie bed, and the type inked 
by the b^ls ; the sheet is next laid on the tympan, and covered 
by the frisket, which has open spaces for the [i^es, as seen in 
the figure. The type and sheet spread over tiiem, are then 
moved under the platen by the action of a lever, connected 
with a wooden cylinder, surrounded hy leather straps, and called 
theroance. Tlie imp res.'iion is then made hy pulling the lever, by 
the action of which, on the screw, the platen is forced upon the 
paper, and this on the type. The bed is then " run out," the type 
again inked by dabbing with the balls, and the whole is again 
ready to be run in for another impression, and so ou to the 



380. The former method of distributing the printing ink on 
the type, consisted iu the use of a pair of bath, reprasented hy 
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Imking BaOt. 



Fig, 207. These were nuide of wiQ.wt. 

•heeps' skin, undressed, and tech- 
nically called pelU — were six or 
eight inches in diameter, stuffed 
with wool, and furnished with wood- 
en handles. 

One of these being struck on the 
board where the ink, a little thicker 
than cream, was spread, took up a 
small quantity, which, by turning 
the balls skillftilly on each other, 
was equally spread over both. They 
were then taken, one in each hand, and dabbed, or rapidly 
struck on the type, until the ink was nicely distributed oyer 
their &ces, and thus they were made ready to give an impress* 
sion. This was a critical and laborious operation, requiring 
much experience and a strong arm, like that of a blacksmith, in 
order to cover the type speedily and equally with the ink 
[Printer's ink is made of oil and lampblack.] 

381. Invention of the Roller, — The ancient method of inking 
the type, as above described, was destined to give place to an 
improvement, which, among printers, formed an era long to be 
remembered. 



FIG. 29R. 




Inking RuUer. 



lliis was the invention of the roller which is composed of 
molasses, glue, and tar, intimately mixed and combined by heat 
This composition has all the qualities to be desired for this pur- 
pose, namely, softness, elasticity, and readiness to receive and 
impart the ink. This being cast into a cylinder, on a wooden 
support, and fitted to an iron frame, with handles, as shown by 
^^g. 298, form the important instrument in question, 
^Uers have also been made of India rubber. 
ie ends of the support revolve easily in the frame, all 
I neoeasary to do to spread the ink on the type, is first 



to pass the roller a few times over the board on which the ink 
IB spread, and then revolve it over the type two or three 

This invention completely obviated the moat lahorioua and 
unpleasant portion of the art of printing by hand ; and in nm- 
chrae printing^, these rollers are so absolutely indispensable, that 
without them that mode of printing, without which the world 
would now remain in comparative ignorance, would have to be 
relinquished. These rollers are from two to eight inches in 
diameter; and for machine work, from three to six feet in 
length. 



382. This printing jireaa, when compared with the ancient 
or former one of Ramage, already deacribed, will be seen to 
present an entirely new invention, or series of inventions; for 
many years were consumed in devising and adapting its several 
parts to each other, and bringing it to the state of perfection in 
which it now exists. 

Instead of printing, as did the hand presses in old times, 
2,000 copies a day, by means of ten hour's hard labor of two 
men, this engine, driven by atoara, will, with the help of two 
boya to fix the sheets in their places, print from 3,000 to 6,000 
sheets per hour, or from 30,000 to 00,000 copies per day. 
Such are the improvements iu printing machines within the last 
twenty years. 

233. Desenplion. — This is a length, or side view of the ma- 
chine ; the length of the printing cylinders and inking rollers 
being about four feet. The length here shown of the whole 
machine, is from 8 to 10 feet, and the height to the upper 
cylinder 4 feet 

The ink, about the consistence of cream, is taken from the 
trough, which is of the length of the small, rapidly revolving 
roller, by which it is taken up, and from it is taken by adhe- 
sion to another and larger roller, from which it is derived by 
the type, over which it pasisea wilji a reciprocating motion. 

At, or during each impression, the ink on the type is re- 
newed by the continually revolving rollers. Thus, while this 
engine is in action, being generally moved by steam, nothing 
more ia nec«ssary than to supply the ink by putting it in the 
trough, and to place the ends of the sheets under the revolving 
cylinders, which latt«r work is done by two boys, as shown br 
the cut. 

17* 
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884. The parts of the press shown by the Fig, 299, are 
marked as follows : The bed A, on the left, corresponds to the 
same part in the hand press already explained. This has a re- 
ciprocating or in and out motion ; the type which rest on it, 
being alternately run out to be inked, and run in to be printed. 
The revolving cylinders B B, receive the paper and press it 
upon the type, by which it is almost instantly printed. The 
earn C moves the fiies D D, by which the printed sheets are 
carefuliy laid away in a pile. This mo\ement is communicated 
by the cam to the flies, by the long iron bar seen on the left. 
TTie pulley E, moved by a strap connected with the steam 
power, gives motion to the entire machine by means of gearing. 
The revolving wheels G G, give motion to the cylinders and 
inking rollers. The tape wheels^ so called, II 11, are the wheels 
over which run tape bands, not shown, which convey the printed 
sheets from the form to the flies. The printed sheets shown at 
I, have been laid off by the flies, and are ready for circulation, 
or the bindery, as the case may be. 

[The author has thus tried his best to give an idea of print- 
ing presses to those who never saw them ; but he would advise 
all those who desire to know how printing is done, especially by 
a cylinder press, to go and see with their own eyes, which they 
can do now in nearly every village in the country.] 

BHARP^S RIFLE. 

886. This is undoubtedly for the purpose designed, the most 
perfect and efficient single instrument of destruction ever in- 
vented ; and of which, we here propose to give such a descrip- 
tion, with illustrations, as to make all its peculiarities readily 
understood. 

The barrel is about 22 inches long, and the bore of the size 
to admit round balls of 32 to the pound ; but being elongated, 
or acorn-shaped, the number is only 18 to the pound. 

This rifle loads at the breech, the form of the ball inclosed in 
its cartridge being shown at A, Fig, 300, introduced into ita 
place. 

The slide B, which takes the place of the breech pin in other 
guns, is a solid piece of steel, represented depressed for the in- 
troduction of the ball. The cone E, is that part on which the 
percussion cap, or its substitute, is exploded, and which in- 
flames the charge in the gun. 

The manner in which the breech slide is depressed, will be 
understood by the section. Fig, 301, where D is the lev«r by 
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^rc. if J** V in:L f-^tscna^ li**: €iic of liit T4i?«s' canridffc diiB 

viii'_'L r !• nrfiiiiiH-c buc iij^ r^^i cUKizanrK^ 
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J]*- :*'-*f.»r- ::.'-L*i'-- j» t.-tk. lti ij. tirdrerr onrinil mode 
o, . ■ •• • •. wLkL LJij- :—• :. rr.-rL'.'v im.'-Lit-i. and which he 
ha* & J ./v.*- ] iL«: abiii.'r :: Lj'-r-. aiji €i| «-iL f:.r the use of this 

7'l.lfc './irj-i-tA ^'f iLr tule A- /77, .::«>1. of iron, al»ciit the one- 
fiflh '/ arj jjjch iij diiiD-i-r-r Siiid two inches long, called the 
n*/itjtn'ui^ . \zi W\H lowrr jan '.'f this i> a spring, aliore which 
Hjit th<r ynuiux'ji div>. coi>i-i:i.^' of thio, r«>iind envelopes of cop- 
yx, t/,t,tniu]jr^ the j»er«:U'»-ioij jioi»dvr, completely ]»iotected 
from jnoifcl'jrr', ^ that thev may remain under water for hours, 
or w«'>'k^, witliout damage. 

K;i/li tuUr lioldM 60 of these primers, one of which is foP(N*d 
•ip ii|/;iiii»-t \]n', hWfht () by the spring. When the hammer is 
dniw»i (o iIm- hark riotrli, the slit 1>, workin^j on the ann of tlie 
•//'//' i\ V, liirli i. faKtr-iir'd to the plate of the lock, draws it 
l»ii« li (rotii o\«r ilj<' IijIk! a, and admits on«' of the percussion 
diiw4i III I'loiil, of liii; h\\i\c at C, and by which, when the trigger 
^ piillnl, ii, in iJiniwM forward, between the face of the hammer 




and the rifle dia- 



and tLe d 

charged. 

One of the moat singular and ctu-ious results of this mcciiaQ- 
ism, is, that the percussion disc is struck, aa it were, " on the 
wing," or while it is flying between the hammer and the cone ; 
and yet it ne^er fails to explode in the proper place and dis- 
charge the guo, let its position be vertical or horizontal, 

387. Practical effecU of this JRi^fie.—'Ws have seen this arm 
flred at a target at the several distances of 300, 500, 600, and 
700 yards, being respectively 900, 1,500, 1,800 and 2,100 feet. 

The target was a pine bwird 30 inches square, and by the 
inventor was hit oa the average, twice out of three shots. 

By eiperiraenta and calc^ilations lately made in France, it 
waa found that a man, at the distance of 1,638 feet, appears ta 
the naked eye only one-Sfth his real size, and therefore, by this 
estimate, a target of 30 inches in diameter, at the distance of 
2,100 feet, appeara less than six ioches square, a small object 
truly in practice, and requiring an accuraey of aim so minute, 
that the tenth of an inch in the direction of the sight, would 
carry the ball far aside of such a mark, and yet it was pierced 
twice out of three shots. 

388. Adjusted Sight. — This rifle has an adjusting sight, 
which is elevated, or depressed and fixed, according to the dis- 
tance of the mark. All the shots were made, with the gun ia 
the hands, or without a rest, and also, with the striking pecu- 
liarity of being placed on the left shoulder. 

. F.itul at the Dvitanec of a .Afiie.— Although in the abov«»_ 
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trial, the distance was only 700 yards, the inventor has proved 
by experiment, that this rifle throws its ball with a force equal 
to the destruction of human life to the distance of a mile. 

In battle, therefore, the approaching enemy can be effectually 
assailed with this arm, at that distance, the aim, of course, being 
more and more sure, as the distance diminishes. 

Number of Balls Thrown. — The rapidity with which this arm 
may be loaded and fired is such, that if one ball be sent along 
the surface of water, another may be made to follow before the 
first ceases its motion. 

The inventor loads and fires it ten times in a minute ; but 
estimating that in battle the number of balls fired by each sol- 
dier would be only six in a minute, then 1,000 men would dis- 
charge 6,000 in a minute, or 360,000 in an hour. 

389. Invention of Gunpowder. — In Europe, the invention of 
gunpowder is attributed to Roger Bacon, who died in 1292 ; 
but it seems to have been known to the Chinese long before 
that period. 

The first account of its use in European war, was at the bat- 
tle of Cressy, in 1346, and from that time it superseded, chiefly, 
all other means of destruction on. the battle-field. 

Effects of this Invention. — There is no doubt but this inven- 
tion has proved a humane^— a merciful discovery in the art of 
war. 

Before its use, the instruments of death in battle were the 
barbed arrow, the halbert and spear, various kinds of swords, 
and the war-club. 

The combatants fought hand to hand, each one trying to in- 
flict the most cruel tortures on the other; and, indeed, the in- 
struments employed, were much better calculated for this pur- 
pose, than for the infliction of sudden and quiet death. 

On the contrar}% gun-shot wounds, when not instantly fatal, 
aflord a prospect of recovery, while those made by the barl)ed 
arrow and spear, more commonly portend ^a miserable death, 
after protracted agony. 

Besides, if w^e examine the accounts of ancient battles, we 
shall find, that including the carnage on the field, and the num- 
ber who died of their wounds afterward, the destruction of 
human life, where an equal number were engaged, was much 
greater than it was, after the invention and use of gunpowder. 

390. Conclusion. — Although there is no doubt but the use 
of fire-arms, in warfare, has heretofore diminished the horrors 
of the battle-field, this circumstance, as history informs us, has 



bud DO influence on onr Bpeciea, except to foster an increasiag 
desire to render the inatmraents of death more and more per- 
fect, Bc> that in the daj of battle, the carnage should be as snd- 
den and aa great as possible. And hence, within a few years, 
great iraprovementa have been made on fire-arras in France, 
England, Germany, and America, all tending of course, to tho 
e of their destructive effects. 



The inventors of these iraprovementa in the arts of humnn 
deatruction, are by no means considered by political, or evea 
by mural and religious writers, as enemies of the human race, 
but are viewed, at least, by raany such, as the pioneers of uni- 
i veraal peace, if^ indeed, fallen man should ever cease to leani 
and practice the art of war. 

301. Selllemml hy Arbitralion Improbable. — The liiaforyof 
man affords no foundation for the belief that national quarrels 
mil be settled by the intervention, or arbitration of other nations, 
«nd hence, there can be little doubt, if the moral and political 
condition of the world remain as heretofore, that " nation will 
continue to lift up its arm against nation," and that the time 
when " man shall learn war no more," is not at hand, unless 
mdecd, it should be by the approach of the mlUeniura. 

Under this view of the ease, the only prospect of universal 
and permanent peace, is in such a degree of perfection in the 
art of war, that certain death awaits at least five out of six of all 
who entar as combatants on the field of battle ; and in naval war- 
fare^ an equal proportion of ships shall as cert^uly be buried 
in the ocean. 

Until sueh a state of things exist-, men will continue to en- 
gage eat^h other in mortal strife ; and it is on tliib account 
that moralists of the present day, look with favor on tho im- 
provements in fire-arms, kuowing that the paramount design of 
alt such inventions is to render escape more difficult, and death 
more sudden and certain on the battle ground. 

Nor is it probable that the time is far distant, when at least 
ten will fall on the'field, where with an equal number of com- 
batants, only one fbll 30 yoara ago ; the result being solely from 
the more deadly power of the fire-arms employed. 

The author baring served as surgeon on the frontier, in the 
U, S. Army, in the war of 1812-15, is able lo appreciate, in a 
measure, the difference between the destructive power of the 
fire-anns then furnished by the government, and those now to 
be introdnced into the Army of the United States. 

392. Qmiratt between Old and Nea Arrfia. — ^To those who 
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804. This celebrated fire-ann has been 1 ii a i i|lH tDita pna o nt 
degree of peifecti(»i, only after years of espeiiaaoe^ trial, tod 
invention, by the <Higinal patentee GoL Samuel Ccdt^ of Haii- 

fi>rd, Conn. 

An account of this weapon is introduced here, as an inyen- 
tion with which all the civilized nations of the earth, are now, 
or are soon, to become acquainted. 

As Americans, therefore, we are bound to know something, 
at least, of the history and mechanism of so important an 
invention. 

The examination and trial of Colt's revolvers at the Worid's 
Fair, and the award passed upon them there by the best judges, 
and the most experienced military men of the age, are ample, 
and sufficient proo& that this, for the purpose for which it is 
designed, is the most efficient and perfect firQ-arm ever invented. 

The immense demand for the article in foreign countries, as 
well as in our own country, evinces, also, that no substitute 
exists for this weapon. 

About 400 artificers, we understand, are employed in th«i 
manufacture, which number, it is stated, is to be increased to 
1000, in order to supply the demand. 

The United States government have adopted Colt's repea^ 
log pistol, as the best weapon known, for mounted men, both 
for onensive and defensive use. And in the Mexican war, n« 



officer who could obtain a revolver, ever went a day 
one, and those who could not, often considered their Uvea 
peril, in consequence. 

395. In 1851, the President of the United States 
sage to the Senate, states, that 

" Such is the favorable opinion entertained of the value of thiu 
arm, particularly for mounted corp?, that the secretary of war 
has contracted with Mr. Colt, for four thousand of his pistols," 
without waiting a special appropriation of Congress. This 
contract, of course, was confirmed by the Senate. 

Such is considered the importance of this arm as a weapon 
of defence, that the military committee of the House of Rep- 
resentatives, recommend that it should be furnished to emi- 
grants, as the following shows. 

" We, the undersigned, members of the military committee 
of the House of Representatives, understanding that^n appli- 
cation is pending before your committee, favorably commended 
by the ordnance department, for the purchase of a suitable 
number of Colt's pistols, and authorizing the department to 
furnish the same to emigrants at government prices, and to de- 
liver the same to the States, under the act of 1808, for arming 
the militia, recommend the same to your favorable considera- 
tion, and believe that such a clause in the army bill would ba 
desirable and proper," 

Signed by the committee, nine in number, January, 1851. 

396. Description of Colt's Pistol. — Why these arms 
called revolvers, and by what means they are made the m 
efficient of fire-arms, for certain purposes, will be undersi 
by Fiff. 302, and the following explanation. 

The letters by 
which the principal 
parts of the pistol 
are denoted, are the 
following, as seen on 
the cut. The barret 
B, is from three, to 
eightinchesin length 
according to the size 
and design of the 
pistol, "flie cylinder C, is the part which revolves, and from 
which the arm takes its distinctive name. The mechanism by 
which the rotary motion is performed, can not be shown by a 
Biogle figure. The cylinder is pierced with six apertures, called 
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Aargt of powder and m balL Gifs »e dwa pat on the tdbe^ 
oorrwy o ndmg to —A dungo^aiid aovtliearai kmdyferfti 
diidbam of ox balls w rapidlj m the hammer ooi 1m dnnn 
to the fide BoCch and the trigger pulled. 

The JUaMwr H, bong dniwn back to where H BOW ela^ 
made to itrike, with its &oe, the cqi on the tabe^ by wUdi it 
Ml exploded, and the pbtol diachaiged. Then oo dnwing fti 
haaimer baek for another dSadiaige, the meehaniBm miAfli fti 
cjfinder revolve out nofcA, by whidi the next cap k bra^ 
wder the hammer, and by piilliiu[ the ti^gger k dkdiM yd, 
and eo of all the odier chargea. Ae InEfyarieqidrainoeqla- 
natioB, beingin aD fire-anna the aame. The ffwaMvtf B^ k eoa- 
neeted with the fawr L» br the united nctkm of lAidh, the ban 
k pinhed down the chamber to the powder. 

907. Having explained the refinencesi we will give Ai 
inventors own directions fer loading, Ac 

* Draw back the hammer to the half notdi, which aDows die 
cylinders to be rotated ; a chaige of powdw k then placed k 
each chamber, and the balls, without wadding, or patdi, an 
put, one at a time, upon the mouths of the chasnben, toned 
under the rammer, and forced down with the lever below the 
mouth of the chamber. This is repeated until all the cham- 
bers are loaded. Percussion caps are then placed on the tubes, 
when, by drawing back the hammer to the full catch, the arm 
is in condition for a discharge by pulling the trigger ; a repeti- 
tion of the same motion produces like results." 

When this arm is prepared, therefore, all that is required in 
defence, or in action, is to draw back the hammer, and pull the 
trigger, until the six balls are discharged, which is done in less 
than half a minute. 

MC COimiCK^B KBAFER. 

398. Tlie principal, or cutting apparatus of this famous ma- 
chine, is shown by Ftp. 303. The entire machineiy, consisting 
not only of the four wheels on which the whole rests, but also 
of bands, cranks, cog-wheels, driver's seat, and platform for the 
grain — the whole being connected and supported by braces in 
all diroctions ; it is ob\'ious, is too complicated an engine for 
the j)nrp<)sos of a school book. 

Nor are these parts necessary to show the mystery, in which 
the j)ublic arc chiefly interested, viz., how it is possible that a 




machine drawn by horses, can do what only the hands of man 
have heretofore performed with the sicltle and cradle. 

The above drawing is designed merely to illuatrate and ex- 
plain this wonder. 

Tlie angular pointed projections, marked by numbers 1, 2, 3, 
4, and 5, are called the fingers. They are firmly driven into a 
beam of wood, at the distance of 4i inches from the center of 
one to that of the other, and their length is about the same 
number of inches. They are of east iron, without cutting edges. 

At the base of the fingers, and between their angles, are seen 
the sickles, angular in form, and com]x>sed of ttections of ateel 
plate riveted to an iron strap, about an inch wide, which strap 
is movable to the right and left on the beam of wood into which 
the lingers are driven. 

3S9. The siclUes have thin cutting edges, which are finely 
serrated, similar to a cemmon sickle, the teeth standing right 
and left from the center or angle of each. 

While the fingers are fixed to the beam, the sickles have a 
reciprocating motion of about 4 inches, alternately to right and 
left by means of a crank, turned by the force of the wheels, bv 
which the whole machine is moved. 

This is the effeetii'e or cutting portion of McCormick's reaper, 
AU the other parts are adjuvants to this, being the means by 
which this is moved and actuated. 

The divider A, is a piece of iron which extends forward of 

the fingers, and is designed to separate the grain to be cut from 

I dut which is to 1>c left standing. This, as its shape indicates, 



404 liCooBifzci^ 

bend- th** flrram to be cot mwards. karizie ^^t vLich remann 
IB a w»rll*«i-cn*?ii and perfect Hue, nndl the renxrn of the mper. 

Th* jtrfi* «:f w.»l B. fieteiKd to the beam on which the 
fickle w'lrk. <^how where the f>rce, bj means of borses. is ap* 
pli»>d. an*l bv whi<:h the whole is drawn en fimr wheels of mod- 
aerate size. 

40<>. -!r^io« T/" the Reaper. — It wiD be observed that the 
efll»cii%e '^r cuttin-j r^>rtion of the machine, extends to the right 
of the fla*>; wh»-r»* the moving force is applied, and hence that 
the hor«*-4 wijrk on the side of the standing grain. 

The j^ain. th^r-ftjre, » cat bv beginning on the outside and 
goinsr around the field, the horses passing that which has been 
cut, while the sickles extend about six feet into that which is 
standing. 

The cutting is p»?rf)>rmed by the alternate, or redprocatiDg 
motions of the sickles a;xainst the grain, which is kept from re- 
cedin;? by the obli-que, angular form of the fingers, as shown 
by the ficrure, after the inspection of which, no further descrip- 
tion will be n?quirfd to <how how the operation is performed 

As the grain is cut, it falls upon a platform, where a man 
stands, with a rake, to gather and remove it to the outside of 
the machine, and where it is bound bv men who follow for this 
purpose. Thus the way is cleared for the return of the horses 
and reaf»er. 

It is stat*^d that the fiel«]s of wheat thus cut, present a very 
uniooth and, to the < yes of the farmer and others, beautiful ap- 
pearance — the stubllo presenting a level and even surface 
throu;rlio;;t. 

Tin: inventor of this reaper not only received the highest pre- 
mium at til*.' World's Fair, in England, but also the gold medal 
in the States of Ohio and Illinois, for the most complete, and 
best workin^r machine of this kind presented. 

It is stat<Ml that such is the demand for this reaper, that sev- 
eral thousands will j.robably be sold in the course of the present 
year. .The ]»rice is alx>ut 8120. 

The inventor also constructs mo\\ing machines, on the same 
principle as the reaper. 
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